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Details of seroarcheologic results depicted in Fig. 1B. The H1 results are from data from ref 1 (HI titres ≥100 
against A/Hong Kong/117/77). The H2 results from data from ref 2. The H3 results come from combining data 
from Fig. 2 of ref 3 (HI titres of 9-15 against an equine H3N8 virus, “A/EQUI 2/Richelieu/63”, in human sera 
collected in 1958) with data from Fig. 1 of ref 4 (HI titres ≥20 against a human H3N2 virus, “A2/Hong Kong/68”, 
in human sera collected in 1958), with results pooled by age group and combined into a single curve. 

Seroarcheology corroborates pre-1918 emergence of H1 and extinction of H3. The highest antibody titres in an 
age group reflect the dominant antigens of the virus responsible for their initial childhood exposure (5, 6). In sera 
collected in 1935, both Shope (7) and Francis and Magill (8) found that protection against H1 antigens peaked not 
in those born just before 1918 but in those born between 1896 and 1905 (Fig. 1 in ref 7; Chart 2 in ref 8). Rekart et 
al. (9) and Masurel and Heijtink (1) found the identical pattern forty years later: in sera collected in 1976 and 1977, 
respectively, HI antibody assays with H1N1 viruses revealed peak H1 protection in those born between 1896 and 
1905 (9) and 1896 and 1907 (1) (Fig. 2 in ref 9; Fig. 1 in ref 1). 

Specifically, Masurel and Heijtink (1) found in 728 sera collected from patients with birth years between 
1883 and 1930 that the highest percentage with HI antibodies to seasonal H1N1 viruses was in those born in 1903-4 
(their results with A/Hong Kong/117/77 are superimposed on the 1918 case fatality curve in Fig. 1B: “H1”). If H1 
had actually been first introduced to the human population in the 1918 pandemic one would expect to find the 
greatest percentage of H1 antibodies in sera collected from those born in or just prior to 1918. However, ~90% 
those born in 1903-4 had HI titres ≥50 against A/Hong Kong/117/77, while just ~10% of those born closer to 1918 
(birth year 1909-10) did (1). 

Furthermore, there is no strong seroarcheological evidence that H3 circulated for long after ~1900 (2-4, 10-
13). For example, in 913 sera collected in 1956-57, Masurel (2) found that only those born before 1897 exhibited 
high HI antibody titres either to human H3 or equine H3 HA antigens. And in sera collected in 1963, while 50 of 
435 taken from those born prior to 1903 showed antibodies against equine H3 antigens, only 2 of 434 from those 
born later did (3). 

There is also no evidence from mortality patterns in 1968-1969 that H3 circulated after 1900: unlike the 
strong protection in those born just prior to, or during, the 1889-93 pandemic, those younger than 70 (born after 
1896) experienced no discernable protection from excess mortality upon exposure to the 1968 H3N2 virus (11). 
Attack rates in 1968-69 were also about three times higher for those born after 1899 than those born prior to 1890 
(12). These observations are not consistent with continued circulation of an H3 virus up until the 1918 pandemic. 

Dowdle (5) noted, based on seroarcheological findings with H1 (14) and H3 (2), that about half of those 
born in 1893 had been primed with the 1889 H3, and half with H1, which he assumed had emerged in 1918, 25 
years after 1893. We contend that it is untenable to argue that a virus with an average annual attack rate of 20-30% 
in children (15) would have left 50% of 25 year-olds immunologically naïve to an H3 virus that supposedly 
circulated up until the 1918 pandemic: this would imply an unrealistic annual attack rate averaging just 2% over a 
quarter century. It seems doubtful that there could have been more than a few percent of 25-year-olds in 1918 with 
no prior exposure whatsoever to influenza A virus (except in the most remote locations). Dowdle’s observation, on 
the other hand, is easily reconciled with the hypothesis that H3 was replaced by H1 around 1900, and that ~50% of 
those born in 1893 were not exposed to H3 antigens prior to the extinction of that virus and were primed with H1 
after it emerged in ~1900. 

Classical swine influenza and postpandemic H1N1. To our knowledge the earliest evidence of swine influenza in 
1918 comes from Dr. Grant Munger, an inspector from the Cedar Rapids, Iowa Division of Hog Cholera Control of 
the Bureau of Animal Industry who observed herds of swine ill with influenza in western Illinois, in August (note 1 
in ref 7). 

The evidence that the classical swine virus in 1918 was a direct descendant of the pandemic virus, but the 
postpandemic seasonal virus was not (at least in HA), makes sense of some confusing observations from 
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seroarcheology—including the abrupt disappearance of antibodies to the swine virus HA in those born after about 
1922 (1, 7, 8, 16, 17), even though this same cohort showed a high frequency of potent antibodies to WS/33 and 
other seasonal H1N1 viruses. As Andrewes et al. stated in 1935 (16): “The age distribution of antibodies to the 
porcine virus is now seen to be of some interest; the absence of neutralizing sera in children under ten may be due 
to complete or partial dying out of this particular strain of virus as a cause of human disease during the last decade.” 
Our phylogenetic results (Fig. 2) are in precise agreement with these early observations: the obvious inference is 
that children born after 1922 or so indeed were not exposed to the pandemic virus HA, which had by then been 
displaced by an antigenically and phylogenetically distinct seasonal H1N1 variant (orange star in Fig. 2), one that 
the seroarcheological results suggest may have been introduced near 1900. 

Crucially, the precipitous decline in antibodies to H1 HA among those born from ~1918-1922, which has 
been put forward as a seroarcheological model for identifying pandemics (5), is observed only when antigens of 
classical swine influenza virus, rather than seasonal human H1N1, are used in HI assays (1, 7, 16). Our results 
imply that the steep drop in antibodies to the swine virus H1 actually reflects the process of a formerly widespread 
HA variant (the pandemic virus) rapidly going extinct as it was displaced by the reassortant seasonal H1N1 virus, 
with its related, but distinct, H1 HA. We believe our phylogenetic results provide a logical resolution to the sudden 
disappearance of antibodies to the pandemic/swine virus HA in the 1920s (7, 16) (even though H1N1 continued to 
circulate until 1957), as well as to the seroarcheological evidence that the HA of the seasonal H1N1 that circulated 
after ~1922 emerged near 1900, rather than 1918 (1). 

The immunological backdrop of pandemic mortality patterns in 1918. There is seroarcheologic evidence of 
antibody responses against H2 antigens among the cohort born in the 1870s (2) (also see Fig. 1B). In light of our 
phylogenetic results, we suspect these responses likely reflect cross-reactivity to a putative 1830-1889 H1-like HA 
rather than to H2 per se, which our results show did not even diverge from its common ancestor with H5 until 
~1875 (Figs. S13 and S14). Masurel (14) showed that >70% of those born between 1867-1886 had HI antibody 
titres ≥100 to H1 HA antigens of A/Swine/15/1930 (Fig. 1 in ref 14). This is a higher percentage than in the slightly 
younger age group exposed in childhood to the 1889 virus (14), suggesting the pre-1889 age groups were indeed 
exposed to H1-like antigens prior to the emergence of the 1889 virus (see Fig. 1B). Shope (7) found the same 
pattern in the 1930s: sera from 100% of those born before 1875 neutralized A/Swine/15/1930 (note the bimodal 
distribution in Fig. 1 of ref 7, with peak percentages of protection against H1 in those born in 1896-1905 and those 
born prior to 1875, i.e. either side of the 1889 pandemic). 

There was also much higher mortality among >50-year-olds in 1889-90 than there was in 1918, strongly 
suggesting that those born before ~1840 experienced childhood exposure to a non-H3, non-N8 virus. Altogether, it 
seems highly plausible that an H1N1-like virus was associated with both 1830 and 1918, and that an H1-like HA 
circulated from 1830-1889, leaving only a short window from ~1889-1900 when an H1-like virus did not circulate 
in humans (Fig. S13). Much the same thing happened after 1918, with H1N1 circulating until 1957, re-emerging in 
1977 and 2009, and H1N1 being absent only between 1958-1976. As shown in Fig. 1, the disappearance of an H1 
HA left the ~1889 cohort with a sharp peak in heterosubtypic (with respect to H1N1) anti-HA and NA antibodies 
(H3 and N8, respectively), while slightly older and younger groups exhibited marked H1 or H2 HA protection. 

We speculate that the 1830 H1N1-like virus acquired N8 by reassortment in or shortly before 1847, leading 
to that pandemic, which coincided with an extensive epizootic in horses all across Europe (18). This putative H1N8 
variant may have remained as the seasonal strain until the 1889 pandemic, which would account for the evidence of 
antibodies to H1/H2 in those born between 1847 and 1889. Those primed by such a virus, with a homosubtypic HA 
and heterosubtypic NA, would be expected to have suffered intermediate excess mortality in 1918 (higher than the 
cohort primed by the putative 1830 H1N1-like virus, but lower than the cohort whose initial exposure was to the 
1889 H3N8 virus). 

The 1889-93 pandemic, the first in modern times, had a global scope not seen in prior influenza pandemics, 
and it was second only to 1918 in severity over the last two centuries. Revolutionary developments in 
transportation, especially modern steamships that led to an enormous increase in the volume and speed of 
intercontinental maritime travel, and railway networks that connected port cities and inland populations, allowed 
influenza to move between and across continents at unprecedented speeds (19). In light of this, as well as the high 
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incidence of disease measured during several successive waves (19), it is likely that most individuals born shortly 
before and during 1889-93 were primed by the 1889 pandemic virus. 

Fan et al. (20) showed in a mouse model that M2 immunity reduces viral replication in the lungs during the 
entire course of infection. If so, then absence of natural immunity to M2 would likely increase viral replication in 
the lungs. This may be a contributing factor for the general severity of the 1918 pandemic. Our phylogenetic 
analyses make it clear that a new M1/2-encoding segment was acquired just prior to the pandemic from an avian 
virus. The prior M2 may have been so divergent that cross-protection with the 1918 M2 was poor, leading to a 
more lethal virus until herd immunity to the new M2 was achieved. Recovery of pre-1915 virus sequence could 
permit a test of this hypothesis, but the protection of the oldest age groups in 1918 suggests to us that lack of 
immunity to M2 or other minor antigens (like NP) may not, on its own, have been a decisive factor in 1918. 
 
Cohort-specific immunity in 1918 and other pandemic years. The idea that young adults suffered unusually 
severe outcomes in 1918-1920 because of childhood exposure to H3 and N8 antigens fits with the observation that 
they died primarily of typical post-influenza complications. Any individual with a poor immune response to a 
current influenza infection is at higher risk of severe or fatal disease. Indeed, the logic behind this argument is no 
different than that underpinning the enterprise of protecting individuals from severe and fatal influenza-related 
disease by eliciting protective immune responses with vaccines. Since prior exposure to H3 protected the 1889-
1900 cohort against H3N2 in 1968-70 (11), it stands to reason that the same age group would have been especially 
vulnerable to the antigenically mismatched virus in 1918, compared to other age groups exposed in childhood to N1 
and/or H1 antigens. This is similar in kind if not degree to individuals <70 in 1968, <20 in 1977, and <52 in 2009 
(11, 15). These younger age groups, primed in childhood with heterosubtypic HA or NA antigens, all suffered more 
excess mortality than older age groups who were apparently protected by childhood exposure to viruses with partial 
or complete overlap in HA and NA subtypes. 
 
 Were clinical attack rates in 1918 of about 28% overall and 30% in adults 20-40 years of age (21) 
consistent with the possibility of a pre-pandemic interval of H1 HA circulation? This is lower than observed in 
some interpandemic (seasonal) epidemic years when virtually all adults have had prior exposure. Prior exposure to 
H1 HA would only be expected to provide sterilizing immunity (and thus produce very low attack rates) against 
homologous HA variants, and even a year or two of antigenic drift is often sufficient to create heterologous HA. 
(That is why vaccines against seasonal influenza A viruses are usually reformulated every year or two). Our 
phylogenetic results suggest that the circulating pre-pandemic H1 HA antigens would have been as much as 22 
years diverged from the pandemic HA (11 years each of independent evolution from the MRCA at 1907 to the 
pandemic and seasonal lineages evidently circulating in 1918). The 1918 HA would have been 11 years diverged 
from the putative H1 HA infecting individuals back in 1907. Only a very small proportion of the population would 
be expected to have been exposed to an HA homologous to the pandemic HA. What was unusual about the 1918 
pandemic was not its attack rate (which was typical and consistent with a pre-pandemic interval of H1 HA 
transmission) but its severity, particularly in young adults. 
  

Possible limitations of the clock model. As mentioned in the main text, it is possible that hidden or reverted host 
states within the data sets we analyzed may affect our conclusions about the direction of host jumps and the timing 
of these events. For one thing, as in ref 24, we excluded from our analyses mammalian clades nested within other 
mammalian clades, which cannot be modeled with the current implementation of the HSLC method. The only such 
case in the present analysis is the 2009 pH1N1 virus, which originated in swine and moved to humans in or shortly 
before 2009. We can see no way in which this exclusion would affect our estimates of the local clock rate in the 
human H1N1 lineage depicted in Figs. 2, S1, and so on: events occurring after 2009 could not have affected 
inferences based on sequences from earlier years. Moreover, we do not believe there is any chance that the distinct 
swine and human clades apparent in our trees, from the 1930s onwards, contain hidden host states. There is ample 
epidemiological evidence that these IAV lineages circulated continuously and separately in each host (with the 
exception of occasional ‘dead-end’ jumps that are easy to visualize on the trees and exclude). 

 More problematic are the longer interior branches in the deeper parts of the tree, prior to the 1930s samples 
in each lineage. Again, however, there is strong epidemiological evidence that the classical swine influenza virus 
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circulated in each year from 1918 until the first isolations of the virus in the 1930s, so there seems little doubt that 
that branch is correctly specified in our analyses. Similarly, most of the stem branch leading up to the seasonal 
human H1N1 clade is almost certainly correctly specified as human since H1N1 circulated from at least 1918 until 
the first human isolates of the 1930s. 

 Least clear is the specification of the branches between 1918 and the common ancestor of the pandemic and 
seasonal H1 lineages in ~1907. Nevertheless, given the topology of the tree, the most parsimonious scenario is 
clearly that the human pandemic virus and the seasonal H1N1 lineage shared a common ancestor in humans (Fig. 
S12A). Other scenarios require one or more additional host jumps (Fig. S12B-F); they also are less consistent with 
(i) the seroarcheologic evidence entry of H1 antigens into the human populations between about 1896 and 1907 (1-
4, 7-9, 10-12, 15); (ii) the evidence of several years of mammalian transmission indicated by the high uracil content 
of the 1918 HA gene; (iii) the epidemiological evidence that influenza was new to swine in 1918 (7, 25); and (iv) 
the lack of H3 HA antibodies and lack of protection during the 1968 H3N2 pandemic in those born between ~1900 
and 1918, suggesting that a non-H3 IAV subtype circulated in humans in that period (1-4, 10-13). These 
independent lines of evidence suggest (but, we recognize, do not definitively prove) that an H1 HA circulated in 
humans a decade or so prior to 1918. Moreover, even if one of these more complex scenarios indeed obtained, the 
timing of the ancestor of the pandemic and seasonal H1 lineages might shift by a few years but the overall pattern 
of a deep divergence between them would remain, as would the close relationship between the 1918 HA and the 
swine H1N1 HA genes (much closer than the pandemic and seasonal HA genes are to each other). 

 It is also worth noting that while the 1930s and later swine H1N1 lineage and the 1930s and later human 
H1N1 lineage were constrained to be monophyletic in our analyses, both of these assumptions were carefully 
validated with non-clock trees. Furthermore, the 1918 human sequences were not enforced to be monophyletic with 
other human strains. Thus, the monophyly constraints imposed are highly unlikely to have biased the results in any 
substantive way. 
 
Antigenic imprinting and seasonal influenza mortality patterns. The 1968 H3N2 pandemic was notable for its 
lack of severity in the elderly (11, 12). Now that the elderly cohort from 1968—whose childhood exposure to H3 in 
1889-1900 provided protection to H3N2 (12, 13)—has been supplanted by an elderly cohort primed with H1N1, the 
pattern has reversed: the same virus is now noteworthy for its severity in the elderly and its relative mildness in 
younger patients. The current pattern of high H3N2-caused mortality in older adults (22, 23) is difficult to reconcile 
with faltering immunity in the aged: similarly aged adults, evidently primed as children by an H3 HA, had good 
protection in 1968-69, with no excess mortality. The pattern also seems at odds with the idea that properties 
intrinsic to this strain of IAV make it particularly dangerous for elderly patients: H3N2 was not inherently virulent 
in the elderly when it first emerged. While it is possible that intrinsic properties of the virus or weakened immunity 
in the elderly somehow account for this reversal, cohort immunity shaped by childhood exposure to homosubtypic 
or heterosubtypic antigens seems more likely in light of our findings. (For H1N1, conversely, the current elderly 
cohort, who were exposed to H1N1 as children, appear to be protected: we surmise that their childhood exposure to 
H1N1 reduces the effective number of susceptibles and reduces the frequency of severe postinfluenza 
complications leading to death.) 

Influenza-related hospitalizations are about twice as high in the U.S. during H3N2-dominated seasons (22), 
and H3N2-related all-cause mortalities are more than 10 times higher than for H1N1 (23). Deaths among the 
elderly are disproportionately numerous with H3N2 compared to H1N1. During the 1990s, the estimated annual 
number of H1N1-related deaths (all cause) among 1-4 year-olds was 34; for H3N2 it was 103 (23). For each H1N1 
death in the 1-4 age group, there were 57 deaths in those ≥65. However, for H3N2 this ratio was 1:338, almost six 
times greater. (The numbers of annual H1N1-related and H3N2-related deaths in those ≥65 were 1,954 and 34,866, 
respectively (23), or ~18 H3N2 deaths per H1N1 death in the elderly group.) 

This suggests to us a greatly increased risk of death when elderly patients are infected by a seasonal virus 
with HA and NA glycoproteins heterosubtypic to those of their first exposure in childhood. Conversely, the 5-49 
year-old group (who, because of the emergence of an H3N2 virus in 1968 are expected to have relatively good 
protection against H3N2 compared to those >65, and relatively poor H1N1 protection) accounted for 17.7% of 
H1N1 related deaths but just 4.2% of H3N2-related deaths. Therefore, as in 1918 and other pandemics, childhood 
immunity appears to have a strong effect in shaping seasonal influenza mortality patterns. Thompson et al. (23) 
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describe H3N2 as the “most virulent of the recently circulating influenza viruses”. We hypothesize that this 
‘virulence’ is due largely (or perhaps even completely) to host immunity, not to intrinsic properties of the H3N2 
virus. 

Antigenic imprinting and H5N1 versus H7N9 mortality patterns. We compared patterns of mortality due to 
avian-origin H5N1 and H7N9 in different birth year cohorts using H5N1 fatality data from Indonesia in 2005-2005 
(26) and H7N9 fatality data from China in 2013 (27). Although others have noted that H5N1 tends cause severe 
disease and death primarily in younger age groups and H7N9 in older age groups (27), to our knowledge birth year 
(rather than age at time of infection) it its connection to group 1 versus group 2 HA exposure has not been 
considered previously. 

As depicted in Fig. S15A, 100% of H5N1 fatalities in 2005-2006 in Indonesia occurred among patients 
born in 1968 or later, after the emergence of H3N2 that occasioned a switch from group 1 HA to group 2 HA. In 
contrast, 85% of H7N9 fatalities in China in 2013 occurred among those born prior to 1968. We performed a 2x2 
Chi-square test for each subtype as follows: we compared the observed number of fatalities in those born prior to 
1968 (exposed in childhood to a group 1 HA of either the H1 or H2 subtype) and those born in 1968 and later 
(exposed in childhood primarily to a group 2 HA of the H3 subtype). We then calculated the expected number of 
fatalities in each of these two cohorts if cases were evenly distributed, correcting for the different population size of 
each cohort by using census data for Indonesia in 2006 or China in 2013 (28). 

For H5N1, the observed and expected post-1967 fatalities were 41 and 28, respectively, and the observed 
and expected pre-1968 fatalities were 0 and 13, respectively (Chi-square=15.4, df=1, two-tailed P<0.0001). For 
H7N9, the observed and expected post-1967 fatalities were 5 and 23, respectively, and the observed and expected 
pre-1968 fatalities were 29 and 11, respectively (Chi-square=19.7, df=1, two-tailed P<0.0001). Note that the age 
pattern is reversed for the different viruses, consistent with initial childhood exposure to a ‘group-mismatched’ HA 
greatly increasing mortality risk, and heterosubtypic but ‘group-matched’ HA providing near complete protection 
from fatal disease upon exposure to a novel, avian-origin influenza A virus. Combining both H5N1 and H7N9 
fatalities suggests that ~93% of fatalities have occurred in individuals exposed to an avian virus with an HA 
mismatched to their childhood HA group. 

This can be seen in Fig. S15B, in which census data (28) are used to account for the proportion of the total 
population (in each country) contained in each 10-year birth year bin. (Values above 0 indicate a greater number of 
fatalities than if the fatalities were distributed in proportion to the underlying demographic distribution.)  The 
distributions for the two viruses are near-mirror images, centered on the switch from group 1 HA to group 2 HA in 
1968. Moreover, much of the ~15% mortality in the right tail of the H7N9 distribution (in birth years of 1968 or 
later) is plausibly due to the re-emergence of H1 in 1977, which we hypothesize may make a minority of those born 
after 1977 (in particular those born close to the so-called ‘pandemic’ in 1977) more susceptible to severe disease 
when infected with a group-mismatched (H7) HA virus.  If this is correct, then the co-circulation of H3N2 and 
H1N1 since 1977 may shape severity outcomes in those born from ~1977 onward such that those initially exposed 
the group 1 virus (H1N1) are more susceptible later to H3N2 and H7N9 and those initially exposed to the group 2 
virus (H3N2) are more susceptible later to H1N1 and H5N1. It may be possible to test this hypothesis with 
epidemiologic or immunologic approaches. 
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Supplementary Figures S1 to S15 

Fig. S1. H1 MCC tree and circulating diversity in 1918. (A) H1 MCC tree (the full version of the tree depicted in 
Fig. 2). Branch lengths are in years. Posterior probabilities of each node and 95% CIs on node dates are shown. 
Human H1 sequences sampled after 1977 (tip-date corrected by -27 years) are marked with an asterisk. (B) Years 
of genetic diversity circulating in HA in 1918 (i.e. the time to the most recent common ancestor of the pandemic 
and seasonal HA lineages sampled at each time point) compared to circulating diversity in other years (both for 
seasonal H1N1 and for later pandemics). Circles indicate median node dates and gray rectangles indicate 95% CIs. 

A 
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Fig. S2. H1 MCC tree (1930s laboratory strains and 1918 short sequence fragments removed). Branch lengths are 
in years. Posterior probabilities of each node and 95% CIs on node dates are shown. Human H1 sequences sampled 
after 1977 (tip-date corrected by -27 years) are marked with an asterisk. 

1900.0 1925.0 1950.0 1975.0 2000.0 2025.0

1951|Human|A/Albany/14/1951|USA|H1N1

1978|Swine|A/swine/Tennessee/4/1978|USA|H1N1

1982|Human|A/Illinois/05/2009|USA|H1N1

1970|Human|A/Malaysia/14075/1997|Malaysia|H1N1*

1974|Human|A/New_York/310/2001|USA|H1N1*

1957|Human|A/Denver/1957|USA|H1N1

1950|Human|A/USSR/90/1977|Russia|H1N1*

2001|Swine|A/Swine/North_Carolina/93523/01_|USA|H1N2

2000|Swine|A/swine/Hong_Kong/7945/2000|Hong_Kong|H1N1

2008|Swine|A/swine/Missouri/02060/2008|USA|H1N1

2004|Swine|A/swine/Iowa/H04YS2/2004|USA|H1N1

1968|Human|A/New_York/621/1995|USA|H1N1*

2009|Swine|A/swine/Iowa/A01076170/2009|USA|H1N1

2009|Swine|A/swine/Minnesota/A01076180/2009|USA|H1N1

2002|Swine|A/swine/Hong_Kong/1733/2002|Hong_Kong|H1N1

1995|Avian|A/duck/NJ/7717-70/1995|USA|H1N1

1978|Avian|A/mallard_duck/New_York/6861/1978|USA|H1N5

1977|Swine|A/swine/Tennessee/19/1977|USA|H1N1

1970|Human|A/Malaysia/11641/1997|Malaysia|H1N1*

2001|Swine|A/swine/Hong_Kong/NS885/2001|Hong_Kong|H1N1

1977|Swine|A/swine/Nebraska/123/1977|USA|H1N1

2009|Avian|A/American_green-winged_teal/Illinois/3054/2009|USA|H1N2

2003|Swine|A/swine/North_Carolina/12869/2003|USA|H1N1

1975|Human|A/Taiwan/141/2002|Taiwan|H1N1*

1977|Swine|A/swine/Niigata/1/1977|Japan|H1N1

1918|Human|A/South_Carolina/1/1918|USA|H1N1

1980|Avian|A/duck/Victoria/2b/1980|Australia|H1N1

1980|Swine|A/swine/Ehime/1/1980|Japan|H1N2

1987|Swine|A/swine/Iowa/2/1987|USA|H1N1

1977|Avian|A/duck/HK/196/1977|Hong_Kong|H1

1968|Human|A/New_York/649/1995|USA|H1N1*

1986|Avian|A/turkey/SD/7034/1986|USA|H1N1

1979|Human|A/Malaysia/1686034/2006|Malaysia|H1N1*

1979|Swine|A/swine/Hong_Kong/86/1979|Hong_Kong|H1N1

2001|Swine|A/Swine/Ohio/891/01|USA|H1N2

2011|Swine|A/swine/Mississippi/A01202593/2011|USA|H1N1

1954|Human|A/Malaysia/1954|Malaysia|H1N1

1964|Human|A/Texas/36/1991|USA|H1N1*

2010|Swine|A/swine/Minnesota/A01047613/2010|USA|H1N1

1978|Human|A/Malaysia/33132/2005|Malaysia|H1N1*

1988|Swine|A/swine/Iowa/31483/1988|USA|H1N1

1975|Human|A/New_York/417/2002|USA|H1N2*
1976|Human|A/New_York/225/2003|USA|H1N2*

2006|Avian|A/mallard/Alberta/76/2006|Canada|H1N3

1956|Human|A/Memphis/6/1983|USA|H1N1*

1953|Human|A/Maryland/2/1980|USA|H1N1*

1977|Avian|A/mallard/Alberta/46/1977|Canada|H1N1

2007|Avian|A/duck/Italy/69238/2007|Italy|H1N1

1977|Avian|A/duck/Miyagi/66/1977|Japan|H1N1

1973|Swine|A/swine/Iowa/1973|USA|H1N1

2007|Avian|A/mallard/California/20385-004/2007|USA|H1N1

1977|Human|A/Canada/591/2004|Canada|H1N1*

1990|Avian|A/mallard/Ohio/171/1990|USA|H1N1

1951|Human|A/Brazil/11/1978|Brazil|H1N1*

2000|Swine|A/Swine/Indiana/P12439/00_|USA|H1N2

1977|Swine|A/swine/Tennessee/10/1977|USA|H1N1

1935|Human|A/Melbourne/1935|Australia|H1N1

2003|Swine|A/swine/Iowa/H03LS4/2003|USA|H1N1

1935|Human|A/Phila/1935|USA|H1N1

2005|Avian|A/mallard/Alberta/11393/2005|Canada|H1N1

1981|Human|A/Trujillo/WRAIR1701P/2008|Peru|H1N1*

1982|Avian|A/mallard_duck/New_York/170/1982|USA|H1N2

1947|Human|A/USA/L3/1947|USA|H1N1

1992|Avian|A/blue-winged_teal/Alberta/141/1992|Canada|H1N1

1954|Human|A/Leningrad/1954/1|Russia|H1N1

1959|Human|A/Singapore/6/1986|Singapore|H1N1*

2006|Avian|A/mallard/Netherlands/30/2006|Netherlands|H1N4

2008|Avian|A/pintail/Aomori/1130/2008|Japan|H1N3

1955|Human|A/Christs_Hospital/157/1982|United_Kingdom|H1N1*

2003|Avian|A/goose/Italy/296426/2003|Italy|H1N1

1952|Human|A/Memphis/1/1979|USA|H1N1*

1947|Human|A/Fort_Monmouth/1/1947|USA|H1N1

1959|Human|A/New_York/2924-1/1986|USA|H1N1*

2010|Swine|A/swine/Iowa/03031/2010|USA|H1N1

1985|Avian|A/mallard/Tennessee/11464/1985|USA|H1N1

1951|Human|A/Netherlands/002P1/1951|Netherlands|H1N1

1980|Swine|A/swine/Wisconsin/11/1980|USA|H1N1

1951|Human|A/Memphis/13/1978|USA|H1N1*

1976|Avian|A/murre/Alaska/175/1976|USA|H1N2

1951|Human|A/Liverpool/1951|United_Kingdom|H1N1

1960|Human|A/Memphis/1/1987|USA|H1N1*

1945|Human|A/AA/Huston/1945|USA|H1N1

1978|Human|A/Denmark/33/2005|Denmark|H1N1*

1998|Avian|A/pintail/Shimane/324/98|Japan|H1N9

1973|Human|A/Memphis/15/2000|USA|H1N1*

1946|Human|A/Cameron/1946|Australia|H1N1

1987|Swine|A/swine/Iowa/1/1987|USA|H1N1

1977|Swine|A/swine/Tennessee/85/1977|USA|H1N1

2005|Avian|A/duck/Hebei/843/2005|China|H1N2

1972|Human|A/New_Caledonia/20/1999|New_Caledonia|H1N1*

1987|Avian|A/green-winged_teal/Ohio/430/1987|USA|H1N1

1982|Human|A/Wisconsin/02/2009|USA|H1N1

1936|Human|A/Henry/1936|USA|H1N1

2000|Avian|A/common_teal/Netherlands/10/2000|Netherlands|H1N1

1981|Swine|A/swine/Hokkaido/2/1981|Japan|H1N1

1996|Avian|A/swan/Hokkaido/55/1996|Japan|H1N1

1976|Avian|A/murre/Alaska/305/1976|USA|H1N6

1981|Avian|A/duck/Victoria/23/1981|Australia|H1N1

1951|Human|A/California/10/1978|USA|H1N1*

1980|Avian|A/duck/Australia/749/1980|Australia|H1N1

2002|Avian|A/blue_winged_teal/TX/75/2002|USA|H1N3

1997|Swine|A/Swine/Wisconsin/136/97|USA|H1N1

1968|Swine|A/swine/Wisconsin/1/1968|USA|H1N1

2005|Swine|A/swine/Hong_Kong/729/2005|Hong_Kong|H1N2

1998|Avian|A/mallard/Alberta/211/1998|Canada|H1N1

2007|Swine|A/swine/Illinois/01918/2007|USA|H1N1

2005|Avian|A/northern_shoveler/California/K168/2005|USA|H1N9

1979|Human|A/Hanoi/Q137/2006|Viet_Nam|H1N1*

1965|Human|A/Wellington/47/1992|New_Zealand|H1N1*

1976|Swine|A/swine/Kentucky/1/1976|USA|H1N1

2004|Swine|A/swine/Hong_Kong/NS246/2004|Hong_Kong|H1N2

1976|Swine|A/swine/Tennessee/3/1976|USA|H1N1

1950|Human|A/Tientsin/78/1977|China|H1N1*

1971|Human|A/Moscow/13/1998|Russia|H1N1*

1948|Human|A/Albany/4835/1948|USA|H1N1

1979|Human|A/HaNoi/Q555/2006|Viet_Nam|H1N1*

1999|Swine|A/swine/Hong_Kong/5683/1999|Hong_Kong|H1N1

1940|Human|A/Hickox/1940|USA|H1N1

2005|Avian|A/duck/Tsukuba/718/2005|Japan|H1N1

1983|Avian|A/mallard/Marquenterre/Z237/1983|France|H1N1

1952|Human|A/Albany/8/1979|USA|H1N1*

1971|Human|A/Hong_Kong/1134/1998|Hong_Kong|H1N1*

2007|Avian|A/northern_pintail/Minnesota/Sg-00216/2007|USA|H1N1

1996|Avian|A/mallard/Alberta/267/1996|Canada|H1N1

1967|Swine|A/swine/Wisconsin/1/1967|USA|H1N1

1973|Human|A/New_York/233/2000|USA|H1N1*

1971|Human|A/Ostrava/801/1998|Czech_Republic|H1N1*

1977|Swine|A/swine/Hong_Kong/51/1977|Hong_Kong|H1N1

2011|Avian|A/duck/Zhejiang/0611-8/2011|China|H1N3

2003|Swine|A/swine/Hong_Kong/1763/2003|Hong_Kong|H1N2

1987|Avian|A/mallard/Ohio/265/1987|USA|H1N9

1961|Swine|A/swine/Wisconsin/1/1961|USA|H1N1

1979|Swine|A/swine/Kyoto/3/1979|Japan|H1N1

1999|Swine|A/swine/Minnesota/37866/1999|USA|H1N1

2003|Swine|A/swine/North_Carolina/29482/2003|USA|H1

2003|Avian|A/mallard/Maryland/42/2003|USA|H1N1

2002|Avian|A/mallard/Sweden/3/2002|Sweden|H1N2

1994|Avian|A/ruddy_turnstone/Delaware_Bay/168/1994|USA|mixedH1

2002|Avian|A/mallard/Maryland/02-184/2002|USA|H1N1

1976|Swine|A/swine/Tennessee/23/1976|USA|H1N1

1981|Avian|A/duck/Minnesota/1375/1981|USA|H1N1

1950|Human|A/Fort_Warren/1/1950|USA|H1N1

2002|Swine|A/swine/North_Carolina/36883/2002|USA|H1N1

1980|Human|A/Malaysia/1788397/2007|Malaysia|H1N1*

1968|Human|A/Switzerland/5389/95_|Switzerland|H1N1*

1951|Human|A/Lackland/7/1978|USA|H1N1*

2008|Avian|A/mallard/California/10064/2008|USA|H1N6

1950|Human|A/Hong_Kong/117/1977|Hong_Kong|H1N1*

1999|Avian|A/mallard/Ohio/56/1999|USA|H1N1

2009|Avian|A/mallard/Korea/KNU_YP09/2009|South_Korea|H1N1

1962|Human|A/Siena/10/1989|Italy|H1N1*

2007|Avian|A/northern_pintail/Interior_Alaska/1/2007|USA|H1N1

2003|Avian|A/mallard/Sweden/57/2003|Sweden|H1N1

2011|Swine|A/swine/Iowa/A01049949/2011|USA|H1N1

2006|Avian|A/northern_pintail/California/44221-608/2006|USA|H1N2

1977|Avian|A/duck/Bavaria/1/1977_|Germany|H1N1

1981|Human|A/Denmark/01/2008|Denmark|H1N1*

1957|Human|A/Memphis/1/1984|USA|H1N1*

1975|Swine|A/swine/Illinois/1/1975|USA|H1N1

1986|Swine|A/swine/Iowa/1/1986|USA|H1N1

1942|Human|A/Bellamy/1942|USA|H1N1

2003|Swine|A/swine/North_Carolina/9647/2003|USA|H1N1

1975|Human|A/HaNoi/2704/2002|Viet_Nam|H1N1*

1976|Avian|A/duck/NZL/160/1976|New_Zealand|H1N3

2006|Swine|A/swine/Hong_Kong/823/2006|Hong_Kong|H1N2

2008|Swine|A/swine/Iowa/46519-3/2008|USA|H1N1

1977|Human|A/Malaysia/30025/2004|Malaysia|H1N1*

1985|Swine|A/swine/Iowa/3/1985|USA|H1N1

1970|Swine|A/swine/Wisconsin/2/1970|USA|H1N1

1981|Avian|A/turkey/Minnesota/1661/1981|USA|H1N1

2006|Avian|A/duck/Italy/281904/2006|Italy|H1N1

2012|Swine|A/swine/Michigan/A01203374/2012|USA|H1N1

1993|Swine|A/swine/Hong_Kong/1286/1993|Hong_Kong|H1N1

1969|Human|A/Nanchang/8/1996|China|H1N1*

1974|Human|A/Hiroshima/37/2001|Japan|H1N1*

2007|Avian|A/rock_dove/Oregon/20547-003/2007|USA|H1N2

2009|Avian|A/duck/Hokkaido/327/2009|Japan|H1N3

2006|Avian|A/mallard/Alberta/128/2006|Canada|H1N1

2003|Swine|A/swine/Hong_Kong/1578/2003|Hong_Kong|H1N2

1979|Avian|A/pintail_duck/ALB/238/1979|Canada|H1N1

1986|Swine|strain_A/swine/England/117316/86|United_Kingdom|H1N1

1943|Human|A/Iowa/1943|USA|H1N1

1988|Swine|A/swine/Iowa/17672/1988|USA|H1N1

1979|Human|A/Pennsylvania/08/2006|USA|H1N1*

1918|Human|A/Brevig_Mission/1/1918|USA|H1N1

2010|Avian|A/duck/Nanjing/19/2010|China|H1N3

2004|Swine|A/swine/Hong_Kong/NS30/2004|Hong_Kong|H1N2

1957|Swine|A/swine/Wisconsin/1/1957|USA|H1N1

1955|Human|A/Baylor/11515/1982|USA|H1N1*

1979|Human|A/Illinois/01/2006|USA|H1N1*

1988|Avian|A/mallard/Alberta/322/1988|Canada|H1N1

1952|Human|A/USSR/46/1979|Russia|H1N1*

1954|Human|A/Netherlands/001H1/1954|Netherlands|H1N1

1980|Human|A/Niigata/F95/2007|Japan|H1N1*

1943|Human|A/Weiss/1943|USA|H1N1

2002|Swine|A/swine/Iowa/H02NJ56391/2002|USA|H1N1

1976|Swine|A/swine/New_Jersey/11/1976|USA|H1N1

2006|Swine|A/swine/Minnesota/001200/2006|USA|H1N1

1974|Human|A/HaNoi/2476/2001|Viet_Nam|H1N1*

2007|Avian|A/pintail/Aomori/422/2007|Japan|H1N1

1993|Swine|strain_A/swine/England/283902/93|United_Kingdom|H1N1

1976|Swine|A/swine/Iowa/4/1976|USA|H1N1

1980|Human|A/Washington/40/2007|USA|H1N1*

1980|Human|A/Florida/12/2007|USA|H1N1*

1993|Avian|A/mallard/Ohio/118/1993|USA|H1N1

1991|Swine|A/swine/California/T9001707/1991|USA|H1N1

1980|Human|A/Texas/78/2007|USA|H1N1*

1994|Swine|A/swine/Hong_Kong/1795/1994|Hong_Kong|H1N1

2002|Swine|A/swine/Hong_Kong/NS13/2002|Hong_Kong|H1N2

1990|Swine|A/swine/Iowa/3421/1990|USA|H1N1

1987|Avian|A/turkey/MO/21939/1987|USA|H1N1

2003|Swine|A/swine/Minnesota/5763/2003|USA|H1N2

1999|Swine|A/Swine/Indiana/9K035/99_|USA|H1N2

1980|Human|A/Vermont/UR06-0485/2007|USA|H1N1*

1953|Human|A/Memphis/7/1980|USA|H1N1*

2002|Swine|A/swine/Hong_Kong/NS623/2002|Hong_Kong|H1N2

1999|Avian|A/mallard/Netherlands/10/1999|Netherlands|H1N8

2002|Swine|A/swine/North_Carolina/18161/2002|USA|H1N1

1981|Swine|A/swine/Ontario/1/1981|Canada|H1N1

1950|Human|A/Albany/4836/1950|USA|H1N1

1978|Human|A/South_Australia/56/2005|Australia|H1N1*

1990|Swine|A/swine/Memphis/1/1990|USA|H1N1

2001|Swine|A/swine/Hong_Kong/9177/2001|Hong_Kong|H1N1

1949|Human|A/Roma/1949|Italy|H1N1

1954|Human|A/Baylor/4052/1981|USA|H1N1*

2008|Avian|A/green-winged_teal/California/8326/2008|USA|H1N2

1970|Human|A/Shanghai/2/1997|China|H1N1*

1980|Avian|A/duck/WI/259/80|USA|H1N1

2007|Avian|A/Anas_crecca/Spain/1404/2007|Spain|H1N1

1966|Swine|A/swine/Wisconsin/2/1966|USA|H1N1

1978|Swine|A/swine/Hong_Kong/80/1978|Hong_Kong|H1N1

1974|Human|A/Denmark/3/2001|Denmark|H1N1*

1980|Human|A/New_Jersey/09/2007|USA|H1N1*

1991|Swine|A/swine/Iowa/24297/1991|USA|H1N1

2004|Swine|A/swine/Kansas/00246/2004|USA|H1N2

2002|Avian|A/mallard/Maryland/178/2002|USA|H1N1

1966|Human|A/Florida/2/1993|USA|H1N1*

1976|Swine|A/swine/Tennessee/15/1976|USA|H1N1

1981|Human|A/Hong_Kong/1870/2008|Hong_Kong|H1N1*

1974|Human|A/Waikato/51/2001|New_Zealand|H1N1*

2012|Swine|A/swine/Minnesota/A01203313/2012|USA|H1N1

1974|Human|A/Wellington/1/2001|New_Zealand|H1N1*

2010|Swine|A/swine/Illinois/A01076766/2010|USA|H1N1

2004|Swine|A/swine/North_Carolina/7386/2004|USA|H1N1

1971|Swine|A/swine/Wisconsin/1/1971|USA|H1N1

2000|Swine|A/Swine/Minnesota/55551/2000|USA|H1N2

1951|Human|A/Albany/20/1978|USA|H1N1*

1977|Swine|A/swine/Hong_Kong/44/1977|Hong_Kong|H1N1

1976|Human|A/New_York/497/2003|USA|H1N1*

1960|Human|A/Siena/4/1987|Italy|H1N1*

1978|Human|A/Malaysia/32151/2005|Malaysia|H1N1*

1950|Human|A/USSR/92/1977|Russia|H1N1*

1981|Human|A/Malaysia/2104192/2008|Malaysia|H1N1*

2012|Swine|A/swine/Illinois/A01203226/2012|USA|H1N1

2011|Swine|A/swine/Minnesota/A01202857/2011|USA|H1N1

1981|Avian|A/pintail_duck/ALB/631/1981|Canada|H1N5

1999|Avian|A/duck/Shimane/188/1999|Japan|H1N1

1980|Avian|A/duck/WI/1938/80_|USA|H1N1

2008|Avian|A/mallard/Bavaria/185-8/2008|Germany|H1N1

1980|Human|A/Ohio/UR06-0429/2007|USA|H1N1*

1956|Human|A/CHR/157/83|New_Zealand|H1N1*

1968|Human|A/Beijing/262/1995|China|H1N1*

2011|Swine|A/swine/Iowa/A01202800/2011|USA|H1N1

1975|Swine|A/swine/Minnesota/24/1975|USA|H1N1

1969|Human|A/Memphis/5/1996|USA|H1N1*

1953|Human|A/Netherlands/001R1/1953|Netherlands|H1N1

1976|Avian|A/duck/Alberta/35/1976|Canada|H1N1

2009|Avian|A/shorebird/Delaware_Bay/275/2009|USA|mixedH1

1962|Human|A/Suita/1/1989|Japan|H1N1*

1943|Human|A/AA/Marton/1943|USA|H1N1

1994|Swine|A/swine/Hong_Kong/1937/1994|Hong_Kong|H1N1

1973|Human|A/Auckland/585/2000|New_Zealand|H1N1*

2009|Swine|A/swine/Missouri/46519-5/2009|USA|H1N1

1978|Swine|A/swine/Tennessee/3/1978|USA|H1N1

2000|Swine|A/swine/Hong_Kong/6250/2000|Hong_Kong|H1N1

1979|Swine|A/swine/Minnesota/5892-7/1979|USA|H1N1

1979|Human|A/Guangzhou/506/2006|China|H1N1*

1976|Human|A/Michigan/6/2003|USA|H1N1*

1970|Human|A/Malaysia/12530/1997|Malaysia|H1N1*

1949|Human|A/Netherlands/002K1/1949|Netherlands|H1N1

1968|Human|A/New_York/656/1995|USA|H1N1*

1977|Avian|A/pintail_duck/ALB/219/1977|Canada|H1N1
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Fig. S3. H1 MCC tree (1930s laboratory strains and 1918 short sequence fragments removed, maximum of one 
sequence/year/host, post-1957 human H1N1 sequences removed). Branch lengths are in years. Posterior 
probabilities of each node and 95% CIs on node dates are shown. 

1875.0 1900.0 1925.0 1950.0 1975.0 2000.0 2025.0

1977|Avian|A/mallard/Alberta/46/1977|Canada|H1N1

1999|Avian|A/duck/Shimane/188/1999|Japan|H1N1

1985|Avian|A/mallard/Tennessee/11464/1985|USA|H1N1

2009|Avian|A/American_green-winged_teal/Illinois/3054/2009|USA|H1N2

2004|Swine|A/swine/Hong_Kong/NS246/2004|Hong_Kong|H1N2

2011|Avian|A/duck/Zhejiang/0611-8/2011|China|H1N3

1961|Swine|A/swine/Wisconsin/1/1961|USA|H1N1

1994|Avian|A/ruddy_turnstone/Delaware_Bay/168/1994|USA|mixedH1

1988|Avian|A/mallard/Alberta/322/1988|Canada|H1N1

2002|Swine|A/swine/Hong_Kong/1733/2002|Hong_Kong|H1N1

1948|Human|A/Albany/4835/1948|USA|H1N1

1986|Swine|A/swine/Iowa/1/1986|USA|H1N1

2005|Swine|A/swine/Hong_Kong/729/2005|Hong_Kong|H1N2

2000|Avian|A/common_teal/Netherlands/10/2000|Netherlands|H1N1

1985|Swine|A/swine/Iowa/3/1985|USA|H1N1

2009|Swine|A/swine/Iowa/A01076170/2009|USA|H1N1

1973|Swine|A/swine/Iowa/1973|USA|H1N1

1976|Avian|A/duck/NZL/160/1976|New_Zealand|H1N3

1994|Swine|A/swine/Hong_Kong/1795/1994|Hong_Kong|H1N1

1967|Swine|A/swine/Wisconsin/1/1967|USA|H1N1

1979|Avian|A/pintail_duck/ALB/238/1979|Canada|H1N1

1975|Swine|A/swine/Illinois/1/1975|USA|H1N1

1987|Swine|A/swine/Iowa/1/1987|USA|H1N1

1971|Swine|A/swine/Wisconsin/1/1971|USA|H1N1

2008|Swine|A/swine/Iowa/46519-3/2008|USA|H1N1

1991|Swine|A/swine/California/T9001707/1991|USA|H1N1

1979|Swine|A/swine/Hong_Kong/86/1979|Hong_Kong|H1N1

2001|Swine|A/swine/Hong_Kong/9177/2001|Hong_Kong|H1N1

1946|Human|A/Cameron/1946|Australia|H1N1

1996|Avian|A/swan/Hokkaido/55/1996|Japan|H1N1

1978|Avian|A/mallard_duck/New_York/6861/1978|USA|H1N5

2002|Swine|A/swine/Hong_Kong/NS13/2002|Hong_Kong|H1N2

1981|Avian|A/duck/Minnesota/1375/1981|USA|H1N1

1977|Swine|A/swine/Hong_Kong/44/1977|Hong_Kong|H1N1

1947|Human|A/Fort_Monmouth/1/1947|USA|H1N1

1982|Avian|A/mallard_duck/New_York/170/1982|USA|H1N2

1999|Avian|A/mallard/Ohio/56/1999|USA|H1N1

1936|Human|A/Henry/1936|USA|H1N1

1942|Human|A/Bellamy/1942|USA|H1N1

1980|Swine|A/swine/Ehime/1/1980|Japan|H1N2

1981|Avian|A/duck/Victoria/23/1981|Australia|H1N1

2012|Swine|A/swine/Illinois/A01203226/2012|USA|H1N1

1988|Swine|A/swine/Iowa/17672/1988|USA|H1N1

2003|Avian|A/goose/Italy/296426/2003|Italy|H1N1

2007|Avian|A/mallard/California/20385-004/2007|USA|H1N1

2007|Swine|A/swine/Illinois/01918/2007|USA|H1N1

1945|Human|A/AA/Huston/1945|USA|H1N1

1970|Swine|A/swine/Wisconsin/2/1970|USA|H1N1

1953|Human|A/Netherlands/001R1/1953|Netherlands|H1N1

2005|Avian|A/duck/Hebei/843/2005|China|H1N2

2011|Swine|A/swine/Iowa/A01049949/2011|USA|H1N1

1943|Human|A/AA/Marton/1943|USA|H1N1

1977|Avian|A/duck/Bavaria/1/1977_|Germany|H1N1

2007|Avian|A/Anas_crecca/Spain/1404/2007|Spain|H1N1

1983|Avian|A/mallard/Marquenterre/Z237/1983|France|H1N1

2002|Avian|A/mallard/Sweden/3/2002|Sweden|H1N2

1966|Swine|A/swine/Wisconsin/2/1966|USA|H1N1

1980|Avian|A/duck/Australia/749/1980|Australia|H1N1

1993|Avian|A/mallard/Ohio/118/1993|USA|H1N1

1978|Swine|A/swine/Hong_Kong/80/1978|Hong_Kong|H1N1

1951|Human|A/Albany/14/1951|USA|H1N1

1998|Avian|A/pintail/Shimane/324/98|Japan|H1N9

2008|Avian|A/mallard/Bavaria/185-8/2008|Germany|H1N1

2010|Swine|A/swine/Illinois/A01076766/2010|USA|H1N1

1976|Swine|A/swine/Iowa/4/1976|USA|H1N1

1976|Avian|A/duck/Alberta/35/1976|Canada|H1N1

2003|Swine|A/swine/Hong_Kong/1578/2003|Hong_Kong|H1N2

1957|Swine|A/swine/Wisconsin/1/1957|USA|H1N1

2010|Avian|A/duck/Nanjing/19/2010|China|H1N3

1995|Avian|A/duck/NJ/7717-70/1995|USA|H1N1

1981|Swine|A/swine/Hokkaido/2/1981|Japan|H1N1

1949|Human|A/Netherlands/002K1/1949|Netherlands|H1N1

1918|Human|A/South_Carolina/1/1918|USA|H1N1

2008|Avian|A/green-winged_teal/California/8326/2008|USA|H1N2

2002|Avian|A/blue_winged_teal/TX/75/2002|USA|H1N3

1980|Avian|A/duck/WI/1938/80_|USA|H1N1

2006|Swine|A/swine/Hong_Kong/823/2006|Hong_Kong|H1N2

1935|Human|A/Phila/1935|USA|H1N1

1940|Human|A/Hickox/1940|USA|H1N1

2009|Avian|A/duck/Hokkaido/327/2009|Japan|H1N3

1992|Avian|A/blue-winged_teal/Alberta/141/1992|Canada|H1N1

1990|Swine|A/swine/Iowa/3421/1990|USA|H1N1

1950|Human|A/Albany/4836/1950|USA|H1N1

1990|Avian|A/mallard/Ohio/171/1990|USA|H1N1

1968|Swine|A/swine/Wisconsin/1/1968|USA|H1N1

2006|Avian|A/mallard/Alberta/128/2006|Canada|H1N1

1957|Human|A/Denver/1957|USA|H1N1

1996|Avian|A/mallard/Alberta/267/1996|Canada|H1N1

1999|Swine|A/swine/Hong_Kong/5683/1999|Hong_Kong|H1N1

1997|Swine|A/Swine/Wisconsin/136/97|USA|H1N1

2006|Avian|A/duck/Italy/281904/2006|Italy|H1N1

1986|Avian|A/turkey/SD/7034/1986|USA|H1N1

2000|Swine|A/swine/Hong_Kong/6250/2000|Hong_Kong|H1N1
1993|Swine|A/swine/Hong_Kong/1286/1993|Hong_Kong|H1N1

2005|Avian|A/mallard/Alberta/11393/2005|Canada|H1N1

2003|Avian|A/mallard/Sweden/57/2003|Sweden|H1N1

1954|Human|A/Leningrad/1954/1|Russia|H1N1

1998|Avian|A/mallard/Alberta/211/1998|Canada|H1N1

1987|Avian|A/green-winged_teal/Ohio/430/1987|USA|H1N1
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Fig. S4. H1 MCC tree (HA2/stalk domain only). Branch lengths are in years. Posterior probabilities of each node 
and 95% CIs on node dates are shown. Human H1 sequences sampled after 1977 (tip-date corrected by -27 years) 
are marked with an asterisk. 

1900.0 1925.0 1950.0 1975.0 2000.0 2025.0

1999|Swine|A/Swine/Indiana/9K035/99_|USA|H1N2

1981|Avian|A/turkey/Minnesota/1661/1981|USA|H1N1

1951|Human|A/Albany/20/1978|USA|H1N1*

1977|Swine|A/swine/Tennessee/10/1977|USA|H1N1

1987|Swine|A/swine/Iowa/2/1987|USA|H1N1

1949|Human|A/Roma/1949|Italy|H1N1

2011|Avian|A/duck/Zhejiang/0611-8/2011|China|H1N3

1977|Swine|A/swine/Hong_Kong/44/1977|Hong_Kong|H1N1

1955|Human|A/Baylor/11515/1982|USA|H1N1*

1983|Avian|A/mallard/Marquenterre/Z237/1983|France|H1N1

1978|Swine|A/swine/Tennessee/4/1978|USA|H1N1

1947|Human|A/Fort_Monmouth/1/1947|USA|H1N1

1970|Human|A/Malaysia/11641/1997|Malaysia|H1N1*

2011|Swine|A/swine/Mississippi/A01202593/2011|USA|H1N1

2001|Swine|A/swine/Hong_Kong/9177/2001|Hong_Kong|H1N1
2002|Swine|A/swine/Hong_Kong/1733/2002|Hong_Kong|H1N1

1977|Swine|A/swine/Tennessee/85/1977|USA|H1N1

2000|Swine|A/Swine/Minnesota/55551/2000|USA|H1N2

1978|Avian|A/mallard_duck/New_York/6861/1978|USA|H1N5

1976|Swine|A/swine/New_Jersey/11/1976|USA|H1N1

1978|Human|A/Malaysia/33132/2005|Malaysia|H1N1*

1987|Swine|A/swine/Iowa/1/1987|USA|H1N1

1968|Human|A/New_York/656/1995|USA|H1N1*

1951|Human|A/Lackland/7/1978|USA|H1N1*

1980|Avian|A/duck/WI/1938/80_|USA|H1N1

1977|Avian|A/pintail_duck/ALB/219/1977|Canada|H1N1

2008|Avian|A/mallard/Bavaria/185-8/2008|Germany|H1N1

2011|Swine|A/swine/Iowa/A01049949/2011|USA|H1N1

1998|Avian|A/mallard/Alberta/211/1998|Canada|H1N1

1976|Avian|A/duck/Alberta/35/1976|Canada|H1N1

1971|Human|A/Hong_Kong/1134/1998|Hong_Kong|H1N1*

2008|Avian|A/green-winged_teal/California/8326/2008|USA|H1N2

2001|Swine|A/swine/Hong_Kong/NS885/2001|Hong_Kong|H1N1

2006|Swine|A/swine/Hong_Kong/823/2006|Hong_Kong|H1N2

1957|Human|A/Memphis/1/1984|USA|H1N1*

1948|Human|A/Albany/4835/1948|USA|H1N1

1954|Human|A/Leningrad/1954/1|Russia|H1N1

1951|Human|A/Liverpool/1951|United_Kingdom|H1N1
1954|Human|A/Malaysia/1954|Malaysia|H1N1

2002|Swine|A/swine/North_Carolina/36883/2002|USA|H1N1

1973|Human|A/New_York/233/2000|USA|H1N1*

1990|Avian|A/mallard/Ohio/171/1990|USA|H1N1

1985|Avian|A/mallard/Tennessee/11464/1985|USA|H1N1

1977|Swine|A/swine/Nebraska/123/1977|USA|H1N1

2004|Swine|A/swine/Kansas/00246/2004|USA|H1N2

1953|Human|A/Memphis/7/1980|USA|H1N1*

2002|Swine|A/swine/Hong_Kong/NS623/2002|Hong_Kong|H1N2

1974|Human|A/Wellington/1/2001|New_Zealand|H1N1*

1976|Swine|A/swine/Tennessee/3/1976|USA|H1N1

1966|Swine|A/swine/Wisconsin/2/1966|USA|H1N1

2008|Avian|A/pintail/Aomori/1130/2008|Japan|H1N3

1978|Swine|A/swine/Tennessee/3/1978|USA|H1N1

1980|Human|A/Vermont/UR06-0485/2007|USA|H1N1*

1993|Swine|strain_A/swine/England/283902/93|United_Kingdom|H1N1

1978|Swine|A/swine/Hong_Kong/80/1978|Hong_Kong|H1N1

1991|Swine|A/swine/California/T9001707/1991|USA|H1N1

1978|Human|A/South_Australia/56/2005|Australia|H1N1*

2010|Swine|A/swine/Minnesota/A01047613/2010|USA|H1N1

1936|Human|A/Henry/1936|USA|H1N1

2004|Swine|A/swine/Hong_Kong/NS246/2004|Hong_Kong|H1N2

1972|Human|A/New_Caledonia/20/1999|New_Caledonia|H1N1*

1977|Avian|A/mallard/Alberta/46/1977|Canada|H1N1

2002|Swine|A/swine/North_Carolina/18161/2002|USA|H1N1
2000|Swine|A/Swine/Indiana/P12439/00_|USA|H1N2

1975|Swine|A/swine/Illinois/1/1975|USA|H1N1

1994|Avian|A/ruddy_turnstone/Delaware_Bay/168/1994|USA|mixedH1

1980|Avian|A/duck/WI/259/80|USA|H1N1

2009|Avian|A/American_green-winged_teal/Illinois/3054/2009|USA|H1N2

1970|Human|A/Malaysia/14075/1997|Malaysia|H1N1*

1949|Human|A/Netherlands/002K1/1949|Netherlands|H1N1

2009|Swine|A/swine/Minnesota/A01076180/2009|USA|H1N1

1977|Avian|A/duck/Miyagi/66/1977|Japan|H1N1

1943|Human|A/AA/Marton/1943|USA|H1N1

1979|Human|A/Pennsylvania/08/2006|USA|H1N1*

1953|Human|A/Netherlands/001R1/1953|Netherlands|H1N1

1970|Human|A/Shanghai/2/1997|China|H1N1*

2002|Avian|A/blue_winged_teal/TX/75/2002|USA|H1N3

2008|Avian|A/mallard/California/10064/2008|USA|H1N6

1975|Swine|A/swine/Minnesota/24/1975|USA|H1N1

1943|Human|A/Iowa/1943|USA|H1N1

1990|Swine|A/swine/Memphis/1/1990|USA|H1N1

2007|Avian|A/duck/Italy/69238/2007|Italy|H1N1

1974|Human|A/Hiroshima/37/2001|Japan|H1N1*

2005|Avian|A/mallard/Alberta/11393/2005|Canada|H1N1

1986|Avian|A/turkey/SD/7034/1986|USA|H1N1

2005|Avian|A/duck/Tsukuba/718/2005|Japan|H1N1

1990|Swine|A/swine/Iowa/3421/1990|USA|H1N1

2004|Swine|A/swine/Hong_Kong/NS30/2004|Hong_Kong|H1N2

2009|Avian|A/shorebird/Delaware_Bay/275/2009|USA|mixedH1

1976|Human|A/New_York/225/2003|USA|H1N2*

2005|Avian|A/northern_shoveler/California/K168/2005|USA|H1N9

2000|Swine|A/swine/Hong_Kong/6250/2000|Hong_Kong|H1N1

1976|Swine|A/swine/Tennessee/15/1976|USA|H1N1

1982|Human|A/Illinois/05/2009|USA|H1N1

2008|Swine|A/swine/Iowa/46519-3/2008|USA|H1N1

2012|Swine|A/swine/Minnesota/A01203313/2012|USA|H1N1

1993|Swine|A/swine/Hong_Kong/1286/1993|Hong_Kong|H1N1

1977|Swine|A/swine/Hong_Kong/51/1977|Hong_Kong|H1N1

1999|Swine|A/swine/Minnesota/37866/1999|USA|H1N1

1994|Swine|A/swine/Hong_Kong/1937/1994|Hong_Kong|H1N1

1979|Human|A/Hanoi/Q137/2006|Viet_Nam|H1N1*

2012|Swine|A/swine/Michigan/A01203374/2012|USA|H1N1

1951|Human|A/Brazil/11/1978|Brazil|H1N1*

2003|Avian|A/mallard/Maryland/42/2003|USA|H1N1

1979|Human|A/Guangzhou/506/2006|China|H1N1*

1987|Avian|A/mallard/Ohio/265/1987|USA|H1N9

1982|Human|A/Wisconsin/02/2009|USA|H1N1

2003|Swine|A/swine/Hong_Kong/1578/2003|Hong_Kong|H1N2

1985|Swine|A/swine/Iowa/3/1985|USA|H1N1

1964|Human|A/Texas/36/1991|USA|H1N1*

2002|Swine|A/swine/Hong_Kong/NS13/2002|Hong_Kong|H1N2

1975|Human|A/Taiwan/141/2002|Taiwan|H1N1*

1992|Avian|A/blue-winged_teal/Alberta/141/1992|Canada|H1N1

2007|Avian|A/pintail/Aomori/422/2007|Japan|H1N1

2010|Swine|A/swine/Illinois/A01076766/2010|USA|H1N1

2004|Swine|A/swine/North_Carolina/7386/2004|USA|H1N1

2007|Avian|A/rock_dove/Oregon/20547-003/2007|USA|H1N2

2010|Avian|A/duck/Nanjing/19/2010|China|H1N3

2005|Swine|A/swine/Hong_Kong/729/2005|Hong_Kong|H1N2

1981|Human|A/Hong_Kong/1870/2008|Hong_Kong|H1N1*

1952|Human|A/USSR/46/1979|Russia|H1N1*

1981|Human|A/Denmark/01/2008|Denmark|H1N1*

1977|Human|A/Malaysia/30025/2004|Malaysia|H1N1*

1960|Human|A/Memphis/1/1987|USA|H1N1*

1976|Avian|A/duck/NZL/160/1976|New_Zealand|H1N3

1979|Swine|A/swine/Kyoto/3/1979|Japan|H1N1

1942|Human|A/Bellamy/1942|USA|H1N1

1988|Swine|A/swine/Iowa/17672/1988|USA|H1N1

1950|Human|A/USSR/92/1977|Russia|H1N1*

2006|Avian|A/mallard/Alberta/128/2006|Canada|H1N1

1979|Human|A/HaNoi/Q555/2006|Viet_Nam|H1N1*

1974|Human|A/Waikato/51/2001|New_Zealand|H1N1*

1954|Human|A/Baylor/4052/1981|USA|H1N1*

1981|Swine|A/swine/Ontario/1/1981|Canada|H1N1

1999|Swine|A/swine/Hong_Kong/5683/1999|Hong_Kong|H1N1

2007|Avian|A/Anas_crecca/Spain/1404/2007|Spain|H1N1

1976|Swine|A/swine/Kentucky/1/1976|USA|H1N1

2003|Swine|A/swine/North_Carolina/29482/2003|USA|H1

1953|Human|A/Maryland/2/1980|USA|H1N1*

2006|Avian|A/mallard/Alberta/76/2006|Canada|H1N3

1973|Human|A/Memphis/15/2000|USA|H1N1*

1918|Human|A/South_Carolina/1/1918|USA|H1N1

1976|Avian|A/murre/Alaska/305/1976|USA|H1N6

1988|Swine|A/swine/Iowa/31483/1988|USA|H1N1

1978|Human|A/Denmark/33/2005|Denmark|H1N1*

1946|Human|A/Cameron/1946|Australia|H1N1

1962|Human|A/Suita/1/1989|Japan|H1N1*

2003|Avian|A/goose/Italy/296426/2003|Italy|H1N1

1987|Avian|A/turkey/MO/21939/1987|USA|H1N1

1976|Swine|A/swine/Iowa/4/1976|USA|H1N1

1968|Human|A/New_York/621/1995|USA|H1N1*

1966|Human|A/Florida/2/1993|USA|H1N1*

1977|Swine|A/swine/Tennessee/19/1977|USA|H1N1

1970|Human|A/Malaysia/12530/1997|Malaysia|H1N1*

1947|Human|A/USA/L3/1947|USA|H1N1

1968|Swine|A/swine/Wisconsin/1/1968|USA|H1N1

2012|Swine|A/swine/Illinois/A01203226/2012|USA|H1N1

1980|Swine|A/swine/Wisconsin/11/1980|USA|H1N1

1980|Human|A/New_Jersey/09/2007|USA|H1N1*

1981|Avian|A/duck/Victoria/23/1981|Australia|H1N1

1975|Human|A/New_York/417/2002|USA|H1N2*

1977|Human|A/Canada/591/2004|Canada|H1N1*

2005|Avian|A/duck/Hebei/843/2005|China|H1N2

1960|Human|A/Siena/4/1987|Italy|H1N1*

2000|Avian|A/common_teal/Netherlands/10/2000|Netherlands|H1N1

1991|Swine|A/swine/Iowa/24297/1991|USA|H1N1

1935|Human|A/Phila/1935|USA|H1N1

1965|Human|A/Wellington/47/1992|New_Zealand|H1N1*

1974|Human|A/Denmark/3/2001|Denmark|H1N1*

1998|Avian|A/pintail/Shimane/324/98|Japan|H1N9

1979|Avian|A/pintail_duck/ALB/238/1979|Canada|H1N1

1940|Human|A/Hickox/1940|USA|H1N1

1943|Human|A/Weiss/1943|USA|H1N1

1976|Human|A/Michigan/6/2003|USA|H1N1*

2007|Avian|A/northern_pintail/Minnesota/Sg-00216/2007|USA|H1N1

1951|Human|A/Memphis/13/1978|USA|H1N1*

1980|Human|A/Ohio/UR06-0429/2007|USA|H1N1*

1950|Human|A/Fort_Warren/1/1950|USA|H1N1

1962|Human|A/Siena/10/1989|Italy|H1N1*

2010|Swine|A/swine/Iowa/03031/2010|USA|H1N1

1973|Swine|A/swine/Iowa/1973|USA|H1N1

2003|Swine|A/swine/North_Carolina/9647/2003|USA|H1N1

1959|Human|A/New_York/2924-1/1986|USA|H1N1*

1980|Avian|A/duck/Victoria/2b/1980|Australia|H1N1

1971|Swine|A/swine/Wisconsin/1/1971|USA|H1N1

1955|Human|A/Christs_Hospital/157/1982|United_Kingdom|H1N1*

1986|Swine|A/swine/Iowa/1/1986|USA|H1N1

2001|Swine|A/Swine/North_Carolina/93523/01_|USA|H1N2

1957|Swine|A/swine/Wisconsin/1/1957|USA|H1N1

1999|Avian|A/mallard/Netherlands/10/1999|Netherlands|H1N8

2001|Swine|A/Swine/Ohio/891/01|USA|H1N2

1969|Human|A/Nanchang/8/1996|China|H1N1*

2007|Avian|A/northern_pintail/Interior_Alaska/1/2007|USA|H1N1

2002|Avian|A/mallard/Maryland/178/2002|USA|H1N1

2009|Avian|A/mallard/Korea/KNU_YP09/2009|South_Korea|H1N1

1956|Human|A/Memphis/6/1983|USA|H1N1*

2009|Swine|A/swine/Missouri/46519-5/2009|USA|H1N1

1975|Human|A/HaNoi/2704/2002|Viet_Nam|H1N1*

1967|Swine|A/swine/Wisconsin/1/1967|USA|H1N1

1951|Human|A/Netherlands/002P1/1951|Netherlands|H1N1

2006|Avian|A/mallard/Netherlands/30/2006|Netherlands|H1N4

2007|Avian|A/mallard/California/20385-004/2007|USA|H1N1

2003|Avian|A/mallard/Sweden/57/2003|Sweden|H1N1

1981|Avian|A/duck/Minnesota/1375/1981|USA|H1N1

1980|Human|A/Niigata/F95/2007|Japan|H1N1*

1979|Swine|A/swine/Minnesota/5892-7/1979|USA|H1N1

1969|Human|A/Memphis/5/1996|USA|H1N1*

1976|Human|A/New_York/497/2003|USA|H1N1*

1961|Swine|A/swine/Wisconsin/1/1961|USA|H1N1

1968|Human|A/Switzerland/5389/95_|Switzerland|H1N1*

1993|Avian|A/mallard/Ohio/118/1993|USA|H1N1

2006|Avian|A/duck/Italy/281904/2006|Italy|H1N1

2011|Swine|A/swine/Minnesota/A01202857/2011|USA|H1N1

1980|Swine|A/swine/Ehime/1/1980|Japan|H1N2
1979|Swine|A/swine/Hong_Kong/86/1979|Hong_Kong|H1N1

1981|Human|A/Trujillo/WRAIR1701P/2008|Peru|H1N1*

2003|Swine|A/swine/Hong_Kong/1763/2003|Hong_Kong|H1N2

2003|Swine|A/swine/Iowa/H03LS4/2003|USA|H1N1

1986|Swine|strain_A/swine/England/117316/86|United_Kingdom|H1N1

2008|Swine|A/swine/Missouri/02060/2008|USA|H1N1

1971|Human|A/Ostrava/801/1998|Czech_Republic|H1N1*

1979|Human|A/Illinois/01/2006|USA|H1N1*

1988|Avian|A/mallard/Alberta/322/1988|Canada|H1N1

2009|Avian|A/duck/Hokkaido/327/2009|Japan|H1N3

1980|Human|A/Washington/40/2007|USA|H1N1*

2000|Swine|A/swine/Hong_Kong/7945/2000|Hong_Kong|H1N1

1968|Human|A/New_York/649/1995|USA|H1N1*

1976|Swine|A/swine/Tennessee/23/1976|USA|H1N1

1974|Human|A/HaNoi/2476/2001|Viet_Nam|H1N1*

1950|Human|A/USSR/90/1977|Russia|H1N1*

1974|Human|A/New_York/310/2001|USA|H1N1*

2006|Avian|A/northern_pintail/California/44221-608/2006|USA|H1N2

1956|Human|A/CHR/157/83|New_Zealand|H1N1*

2003|Swine|A/swine/Minnesota/5763/2003|USA|H1N2

1935|Human|A/Melbourne/1935|Australia|H1N1

1977|Avian|A/duck/HK/196/1977|Hong_Kong|H1

2011|Swine|A/swine/Iowa/A01202800/2011|USA|H1N1

1950|Human|A/Hong_Kong/117/1977|Hong_Kong|H1N1*

1951|Human|A/Albany/14/1951|USA|H1N1

1982|Avian|A/mallard_duck/New_York/170/1982|USA|H1N2

1980|Human|A/Malaysia/1788397/2007|Malaysia|H1N1*

1994|Swine|A/swine/Hong_Kong/1795/1994|Hong_Kong|H1N1

1945|Human|A/AA/Huston/1945|USA|H1N1

1952|Human|A/Memphis/1/1979|USA|H1N1*

1950|Human|A/Albany/4836/1950|USA|H1N1

2002|Avian|A/mallard/Maryland/02-184/2002|USA|H1N1

1981|Human|A/Malaysia/2104192/2008|Malaysia|H1N1*

1951|Human|A/California/10/1978|USA|H1N1*

1997|Swine|A/Swine/Wisconsin/136/97|USA|H1N1

1996|Avian|A/swan/Hokkaido/55/1996|Japan|H1N1

1970|Swine|A/swine/Wisconsin/2/1970|USA|H1N1

1957|Human|A/Denver/1957|USA|H1N1

1987|Avian|A/green-winged_teal/Ohio/430/1987|USA|H1N1

1980|Human|A/Texas/78/2007|USA|H1N1*

1999|Avian|A/mallard/Ohio/56/1999|USA|H1N1

2002|Swine|A/swine/Iowa/H02NJ56391/2002|USA|H1N1

2003|Swine|A/swine/North_Carolina/12869/2003|USA|H1N1

1980|Human|A/Florida/12/2007|USA|H1N1*

1978|Human|A/Malaysia/32151/2005|Malaysia|H1N1*

1952|Human|A/Albany/8/1979|USA|H1N1*

2006|Swine|A/swine/Minnesota/001200/2006|USA|H1N1

1995|Avian|A/duck/NJ/7717-70/1995|USA|H1N1

1976|Avian|A/murre/Alaska/175/1976|USA|H1N2

2007|Swine|A/swine/Illinois/01918/2007|USA|H1N1

1971|Human|A/Moscow/13/1998|Russia|H1N1*

2009|Swine|A/swine/Iowa/A01076170/2009|USA|H1N1

1981|Swine|A/swine/Hokkaido/2/1981|Japan|H1N1

2004|Swine|A/swine/Iowa/H04YS2/2004|USA|H1N1

1973|Human|A/Auckland/585/2000|New_Zealand|H1N1*

1968|Human|A/Beijing/262/1995|China|H1N1*

2002|Avian|A/mallard/Sweden/3/2002|Sweden|H1N2

1977|Swine|A/swine/Niigata/1/1977|Japan|H1N1

1981|Avian|A/pintail_duck/ALB/631/1981|Canada|H1N5

1999|Avian|A/duck/Shimane/188/1999|Japan|H1N1

1980|Avian|A/duck/Australia/749/1980|Australia|H1N1

1959|Human|A/Singapore/6/1986|Singapore|H1N1*

1979|Human|A/Malaysia/1686034/2006|Malaysia|H1N1*

1954|Human|A/Netherlands/001H1/1954|Netherlands|H1N1

1950|Human|A/Tientsin/78/1977|China|H1N1*

1996|Avian|A/mallard/Alberta/267/1996|Canada|H1N1

1977|Avian|A/duck/Bavaria/1/1977_|Germany|H1N1
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Fig. S5. Branch-site REL analyses to test for episodic diversifying selection. The branches are colored to depict the 
proportion of substitutions along each branch that are under purifying selection (with dN/dS < 1: blue), the 
proportion evolving neutrally (with dN/dS = 1: gray), and the proportion under diversifying selection (with dN/dS > 
1: red). Almost every site in every branch evidently evolved under purifying selection, and none of the branches 
exhibited significant evidence of episodic diversifying selection. 
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2002_AVIAN_A_BLUE_WINGED_TEAL_TX_75_2002_USA_H1N3
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2000_AVIAN_A_COMMON_TEAL_NETHERLANDS_10_2000_NETHERLANDS_H1N1
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1957_SWINE_A_SWINE_WISCONSIN_1_1957_USA_H1N1

1961_SWINE_A_SWINE_WISCONSIN_1_1961_USA_H1N1

2003_SWINE_A_SWINE_HONG_KONG_1578_2003_HONG_KONG_H1N2

2004_SWINE_A_SWINE_KANSAS_00246_2004_USA_H1N2

Node14

Node12

Node10

1918_HUMAN_A_SOUTH_CAROLINA_1_1918_USA_H1N1

Node9

1935_HUMAN_A_PHILA_1935_USA_H1N1

1936_HUMAN_A_HENRY_1936_USA_H1N1

Node19

1978_HUMAN_A_MALAYSIA_32151_2005_MALAYSIA_H1N1_

1982_HUMAN_A_WISCONSIN_02_2009_USA_H1N1

Node22

Node18

Node8
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Fig. S6. H1 MCC tree (A) 1st and 2nd codon position sites removed (i.e., 3rd sites only). (B) 3rd sites only, plus 1930s 
laboratory strains and 1918 short sequence fragments removed. (C) Same as B but including only 3rd position sites 
at which substitutions were synonymous (silent sites). In all cases branch lengths are in years. Posterior 
probabilities of each node and 95% CIs on node dates are shown. Human H1 sequences sampled after 1977 (tip-
date corrected by -27 years) are marked with an asterisk. 

A 

1900.0 1925.0 1950.0 1975.0 2000.0 2025.0

2002|Swine|A/swine/Hong_Kong/NS13/2002|Hong_Kong|H1N2

1980|Avian|A/duck/Australia/749/1980|Australia|H1N1

2011|Swine|A/swine/Minnesota/A01202857/2011|USA|H1N1

1980|Human|A/Ohio/UR06-0429/2007|USA|H1N1*

2003|Swine|A/swine/North_Carolina/29482/2003|USA|H1

2011|Swine|A/swine/Mississippi/A01202593/2011|USA|H1N1

2006|Swine|A/swine/Hong_Kong/823/2006|Hong_Kong|H1N2

1996|Avian|A/mallard/Alberta/267/1996|Canada|H1N1

2003|Avian|A/mallard/Maryland/42/2003|USA|H1N1

1987|Avian|A/green-winged_teal/Ohio/430/1987|USA|H1N1
1990|Avian|A/mallard/Ohio/171/1990|USA|H1N1

1978|Human|A/Malaysia/33132/2005|Malaysia|H1N1*

1981|Swine|A/swine/Ontario/1/1981|Canada|H1N1

1933|Human|A/Wilson-Smith/1933|United_Kingdom|H1N1

1943|Human|A/AA/Marton/1943|USA|H1N1

1981|Avian|A/turkey/Minnesota/1661/1981|USA|H1N1

1935|Human|A/Melbourne/1935|Australia|H1N1

2008|Avian|A/mallard/Bavaria/185-8/2008|Germany|H1N1

1976|Avian|A/murre/Alaska/305/1976|USA|H1N6

1982|Human|A/Illinois/05/2009|USA|H1N1

1973|Swine|A/swine/Iowa/1973|USA|H1N1

1972|Human|A/New_Caledonia/20/1999|New_Caledonia|H1N1*

1986|Swine|A/swine/Iowa/1/1986|USA|H1N1

1943|Human|A/Weiss/1943|USA|H1N1

1951|Human|A/California/10/1978|USA|H1N1*

1966|Swine|A/swine/Wisconsin/2/1966|USA|H1N1

1975|Human|A/HaNoi/2704/2002|Viet_Nam|H1N1*

1987|Avian|A/turkey/MO/21939/1987|USA|H1N1

1976|Avian|A/duck/Alberta/35/1976|Canada|H1N1

2012|Swine|A/swine/Minnesota/A01203313/2012|USA|H1N1

1998|Avian|A/pintail/Shimane/324/98|Japan|H1N9

2002|Swine|A/swine/Hong_Kong/1733/2002|Hong_Kong|H1N1

1982|Human|A/Wisconsin/02/2009|USA|H1N1

1977|Swine|A/swine/Hong_Kong/44/1977|Hong_Kong|H1N1

1947|Human|A/USA/L3/1947|USA|H1N1

1994|Swine|A/swine/Hong_Kong/1937/1994|Hong_Kong|H1N1

1980|Avian|A/duck/WI/1938/80_|USA|H1N1

1991|Swine|A/swine/Iowa/24297/1991|USA|H1N1

1977|Swine|A/swine/Tennessee/19/1977|USA|H1N1

1978|Swine|A/swine/Tennessee/3/1978|USA|H1N1

1977|Human|A/Canada/591/2004|Canada|H1N1*

1960|Human|A/Siena/4/1987|Italy|H1N1*

1971|Human|A/Moscow/13/1998|Russia|H1N1*

1951|Human|A/Albany/14/1951|USA|H1N1

1976|Swine|A/swine/Tennessee/23/1976|USA|H1N1

2001|Swine|A/Swine/North_Carolina/93523/01_|USA|H1N2

1956|Human|A/Memphis/6/1983|USA|H1N1*

1999|Swine|A/swine/Minnesota/37866/1999|USA|H1N1

1987|Swine|A/swine/Iowa/1/1987|USA|H1N1

2000|Swine|A/Swine/Indiana/P12439/00_|USA|H1N2

1978|Swine|A/swine/Hong_Kong/80/1978|Hong_Kong|H1N1

1954|Human|A/Netherlands/001H1/1954|Netherlands|H1N1
1950|Human|A/Fort_Warren/1/1950|USA|H1N1

2003|Swine|A/swine/Minnesota/5763/2003|USA|H1N2

2000|Avian|A/common_teal/Netherlands/10/2000|Netherlands|H1N1

2002|Avian|A/blue_winged_teal/TX/75/2002|USA|H1N3

2010|Avian|A/duck/Nanjing/19/2010|China|H1N3

2006|Swine|A/swine/Minnesota/001200/2006|USA|H1N1

1978|Human|A/Malaysia/32151/2005|Malaysia|H1N1*

1950|Human|A/Tientsin/78/1977|China|H1N1*

2000|Swine|A/swine/Hong_Kong/7945/2000|Hong_Kong|H1N1

1982|Avian|A/mallard_duck/New_York/170/1982|USA|H1N2

1956|Human|A/CHR/157/83|New_Zealand|H1N1*

2002|Swine|A/swine/North_Carolina/18161/2002|USA|H1N1

1999|Swine|A/Swine/Indiana/9K035/99_|USA|H1N2

1940|Human|A/Hickox/1940|USA|H1N1

1981|Avian|A/pintail_duck/ALB/631/1981|Canada|H1N5

1918|Human|A/New_York/2/1918|USA|H1N1

1954|Human|A/Leningrad/1954/1|Russia|H1N1

2006|Avian|A/mallard/Alberta/128/2006|Canada|H1N1

1961|Swine|A/swine/Wisconsin/1/1961|USA|H1N1

2002|Swine|A/swine/Hong_Kong/NS623/2002|Hong_Kong|H1N2

1918|Human|A/New_York/3a/1918|USA|H1N1

1969|Human|A/Nanchang/8/1996|China|H1N1*

1986|Avian|A/turkey/SD/7034/1986|USA|H1N1

1970|Human|A/Malaysia/11641/1997|Malaysia|H1N1*

1942|Human|A/Bellamy/1942|USA|H1N1

2006|Avian|A/mallard/Alberta/76/2006|Canada|H1N3

1996|Avian|A/swan/Hokkaido/55/1996|Japan|H1N1

1970|Human|A/Shanghai/2/1997|China|H1N1*

1990|Swine|A/swine/Memphis/1/1990|USA|H1N1

1952|Human|A/USSR/46/1979|Russia|H1N1*

1983|Avian|A/mallard/Marquenterre/Z237/1983|France|H1N1

2001|Swine|A/Swine/Ohio/891/01|USA|H1N2

1999|Swine|A/swine/Hong_Kong/5683/1999|Hong_Kong|H1N1

1966|Human|A/Florida/2/1993|USA|H1N1*

2005|Avian|A/duck/Hebei/843/2005|China|H1N2

1968|Human|A/Switzerland/5389/95_|Switzerland|H1N1*

1975|Human|A/New_York/417/2002|USA|H1N2*

1974|Human|A/HaNoi/2476/2001|Viet_Nam|H1N1*

1943|Human|A/Iowa/1943|USA|H1N1

1994|Avian|A/ruddy_turnstone/Delaware_Bay/168/1994|USA|mixedH1

2012|Swine|A/swine/Michigan/A01203374/2012|USA|H1N1

1918|Human|A/New_York/3b/1918|USA|H1N1
1918|Human|A/Virginia/2/1918|USA|H1N1

1978|Avian|A/mallard_duck/New_York/6861/1978|USA|H1N5

1976|Swine|A/swine/Iowa/4/1976|USA|H1N1

1946|Human|A/Cameron/1946|Australia|H1N1

1971|Human|A/Hong_Kong/1134/1998|Hong_Kong|H1N1*

2006|Avian|A/northern_pintail/California/44221-608/2006|USA|H1N2

2010|Swine|A/swine/Illinois/A01076766/2010|USA|H1N1

1973|Human|A/Auckland/585/2000|New_Zealand|H1N1*

1977|Avian|A/pintail_duck/ALB/219/1977|Canada|H1N1

2001|Swine|A/swine/Hong_Kong/NS885/2001|Hong_Kong|H1N1

2007|Swine|A/swine/Illinois/01918/2007|USA|H1N1

2009|Swine|A/swine/Iowa/A01076170/2009|USA|H1N1

2004|Swine|A/swine/Kansas/00246/2004|USA|H1N2

2003|Avian|A/goose/Italy/296426/2003|Italy|H1N1

2007|Avian|A/mallard/California/20385-004/2007|USA|H1N1

1974|Human|A/Wellington/1/2001|New_Zealand|H1N1*

2009|Swine|A/swine/Missouri/46519-5/2009|USA|H1N1

1952|Human|A/Albany/8/1979|USA|H1N1*

1981|Avian|A/duck/Victoria/23/1981|Australia|H1N1

2010|Swine|A/swine/Iowa/03031/2010|USA|H1N1

1979|Swine|A/swine/Hong_Kong/86/1979|Hong_Kong|H1N1

1987|Swine|A/swine/Iowa/2/1987|USA|H1N1

1980|Swine|A/swine/Ehime/1/1980|Japan|H1N2

1952|Human|A/Memphis/1/1979|USA|H1N1*

1980|Human|A/Niigata/F95/2007|Japan|H1N1*

1970|Human|A/Malaysia/12530/1997|Malaysia|H1N1*

2008|Avian|A/mallard/California/10064/2008|USA|H1N6

2003|Swine|A/swine/Hong_Kong/1763/2003|Hong_Kong|H1N2

1970|Human|A/Malaysia/14075/1997|Malaysia|H1N1*

2002|Swine|A/swine/Iowa/H02NJ56391/2002|USA|H1N1

1975|Swine|A/swine/Illinois/1/1975|USA|H1N1

2003|Avian|A/mallard/Sweden/57/2003|Sweden|H1N1

1992|Avian|A/blue-winged_teal/Alberta/141/1992|Canada|H1N1

1985|Swine|A/swine/Iowa/3/1985|USA|H1N1

1960|Human|A/Memphis/1/1987|USA|H1N1*

1918|Human|A/Iowa/2/1918|USA|H1N1

1955|Human|A/Christs_Hospital/157/1982|United_Kingdom|H1N1*

1968|Human|A/New_York/621/1995|USA|H1N1*

1918|Human|A/Brevig_Mission/1/1918|USA|H1N1

1994|Swine|A/swine/Hong_Kong/1795/1994|Hong_Kong|H1N1

1950|Human|A/USSR/90/1977|Russia|H1N1*

2005|Avian|A/mallard/Alberta/11393/2005|Canada|H1N1

1981|Avian|A/duck/Minnesota/1375/1981|USA|H1N1

2002|Swine|A/swine/North_Carolina/36883/2002|USA|H1N1

1980|Human|A/Texas/78/2007|USA|H1N1*

1981|Human|A/Malaysia/2104192/2008|Malaysia|H1N1*

1979|Human|A/HaNoi/Q555/2006|Viet_Nam|H1N1*

1979|Human|A/Hanoi/Q137/2006|Viet_Nam|H1N1*

1976|Swine|A/swine/Tennessee/3/1976|USA|H1N1

1986|Swine|strain_A/swine/England/117316/86|United_Kingdom|H1N1

1950|Human|A/Hong_Kong/117/1977|Hong_Kong|H1N1*

1959|Human|A/New_York/2924-1/1986|USA|H1N1*

1977|Human|A/Malaysia/30025/2004|Malaysia|H1N1*

1999|Avian|A/mallard/Netherlands/10/1999|Netherlands|H1N8

2002|Avian|A/mallard/Maryland/178/2002|USA|H1N1
2002|Avian|A/mallard/Maryland/02-184/2002|USA|H1N1

1953|Human|A/Netherlands/001R1/1953|Netherlands|H1N1

1978|Human|A/South_Australia/56/2005|Australia|H1N1*

1973|Human|A/New_York/233/2000|USA|H1N1*

1951|Human|A/Brazil/11/1978|Brazil|H1N1*

1981|Human|A/Denmark/01/2008|Denmark|H1N1*

1995|Avian|A/duck/NJ/7717-70/1995|USA|H1N1

1936|Human|A/Henry/1936|USA|H1N1

1979|Human|A/Malaysia/1686034/2006|Malaysia|H1N1*

1993|Swine|A/swine/Hong_Kong/1286/1993|Hong_Kong|H1N1

2008|Swine|A/swine/Iowa/46519-3/2008|USA|H1N1

1918|Human|A/South_Carolina/2/1918|USA|H1N1

1980|Avian|A/duck/Victoria/2b/1980|Australia|H1N1

1968|Human|A/Beijing/262/1995|China|H1N1*

2010|Swine|A/swine/Minnesota/A01047613/2010|USA|H1N1

1918|Human|A/Virginia/3/1918|USA|H1N1

1978|Swine|A/swine/Tennessee/4/1978|USA|H1N1

1977|Swine|A/swine/Tennessee/85/1977|USA|H1N1

2004|Swine|A/swine/Iowa/H04YS2/2004|USA|H1N1

1979|Avian|A/pintail_duck/ALB/238/1979|Canada|H1N1

2009|Swine|A/swine/Minnesota/A01076180/2009|USA|H1N1

1969|Human|A/Memphis/5/1996|USA|H1N1*

1974|Human|A/Hiroshima/37/2001|Japan|H1N1*

1918|Human|A/New_York/1/18|USA|H1N1

1976|Human|A/New_York/497/2003|USA|H1N1*

2009|Avian|A/mallard/Korea/KNU_YP09/2009|South_Korea|H1N1

1930|Swine|A/swine/Iowa/15/1930|USA|H1N1

1951|Human|A/Liverpool/1951|United_Kingdom|H1N1

1950|Human|A/Albany/4836/1950|USA|H1N1

1999|Avian|A/mallard/Ohio/56/1999|USA|H1N1

1971|Swine|A/swine/Wisconsin/1/1971|USA|H1N1

1993|Avian|A/mallard/Ohio/118/1993|USA|H1N1

2004|Swine|A/swine/North_Carolina/7386/2004|USA|H1N1

1959|Human|A/Singapore/6/1986|Singapore|H1N1*

1977|Swine|A/swine/Nebraska/123/1977|USA|H1N1

1975|Swine|A/swine/Minnesota/24/1975|USA|H1N1

2007|Avian|A/duck/Italy/69238/2007|Italy|H1N1

1977|Avian|A/duck/Bavaria/1/1977_|Germany|H1N1

1968|Swine|A/swine/Wisconsin/1/1968|USA|H1N1

1935|Human|A/Phila/1935|USA|H1N1

1949|Human|A/Roma/1949|Italy|H1N1

1987|Avian|A/mallard/Ohio/265/1987|USA|H1N9

2008|Avian|A/pintail/Aomori/1130/2008|Japan|H1N3

1918|Human|A/Washington_DC/1/1918|USA|H1N1

2005|Avian|A/duck/Tsukuba/718/2005|Japan|H1N1

2003|Swine|A/swine/North_Carolina/9647/2003|USA|H1N1

1980|Human|A/Florida/12/2007|USA|H1N1*

2000|Swine|A/Swine/Minnesota/55551/2000|USA|H1N2

1977|Swine|A/swine/Niigata/1/1977|Japan|H1N1

1957|Swine|A/swine/Wisconsin/1/1957|USA|H1N1

1979|Human|A/Pennsylvania/08/2006|USA|H1N1*

1976|Swine|A/swine/Kentucky/1/1976|USA|H1N1

1976|Human|A/Michigan/6/2003|USA|H1N1*

1968|Human|A/New_York/656/1995|USA|H1N1*

1918|Human|A/Iowa/1/1918|USA|H1N1

1988|Avian|A/mallard/Alberta/322/1988|Canada|H1N1

1974|Human|A/Waikato/51/2001|New_Zealand|H1N1*
1975|Human|A/Taiwan/141/2002|Taiwan|H1N1*

2007|Avian|A/Anas_crecca/Spain/1404/2007|Spain|H1N1

1950|Human|A/USSR/92/1977|Russia|H1N1*

2003|Swine|A/swine/North_Carolina/12869/2003|USA|H1N1

2009|Avian|A/American_green-winged_teal/Illinois/3054/2009|USA|H1N2

1991|Swine|A/swine/California/T9001707/1991|USA|H1N1

1974|Human|A/Denmark/3/2001|Denmark|H1N1*

1968|Human|A/New_York/649/1995|USA|H1N1*

1957|Human|A/Memphis/1/1984|USA|H1N1*

2009|Avian|A/shorebird/Delaware_Bay/275/2009|USA|mixedH1

1976|Avian|A/duck/NZL/160/1976|New_Zealand|H1N3

2001|Swine|A/swine/Hong_Kong/9177/2001|Hong_Kong|H1N1

2009|Avian|A/duck/Hokkaido/327/2009|Japan|H1N3

1953|Human|A/Maryland/2/1980|USA|H1N1*

1988|Swine|A/swine/Iowa/31483/1988|USA|H1N1

1997|Swine|A/Swine/Wisconsin/136/97|USA|H1N1

1977|Swine|A/swine/Tennessee/10/1977|USA|H1N1

1973|Human|A/Memphis/15/2000|USA|H1N1*

1998|Avian|A/mallard/Alberta/211/1998|Canada|H1N1

2007|Avian|A/northern_pintail/Minnesota/Sg-00216/2007|USA|H1N1

1976|Swine|A/swine/Tennessee/15/1976|USA|H1N1

2006|Avian|A/mallard/Netherlands/30/2006|Netherlands|H1N4

1918|Human|A/London/1/1918|United_Kingdom|H1N1

1977|Swine|A/swine/Hong_Kong/51/1977|Hong_Kong|H1N1

1974|Human|A/New_York/310/2001|USA|H1N1*

1947|Human|A/Fort_Monmouth/1/1947|USA|H1N1

1918|Human|A/South_Carolina/1/1918|USA|H1N1

1971|Human|A/Ostrava/801/1998|Czech_Republic|H1N1*

1981|Swine|A/swine/Hokkaido/2/1981|Japan|H1N1

1977|Avian|A/mallard/Alberta/46/1977|Canada|H1N1

2007|Avian|A/northern_pintail/Interior_Alaska/1/2007|USA|H1N1

1993|Swine|strain_A/swine/England/283902/93|United_Kingdom|H1N1

2005|Avian|A/northern_shoveler/California/K168/2005|USA|H1N9

1988|Swine|A/swine/Iowa/17672/1988|USA|H1N1

1964|Human|A/Texas/36/1991|USA|H1N1*

1999|Avian|A/duck/Shimane/188/1999|Japan|H1N1

2012|Swine|A/swine/Illinois/A01203226/2012|USA|H1N1

1962|Human|A/Siena/10/1989|Italy|H1N1*

1976|Avian|A/murre/Alaska/175/1976|USA|H1N2

2007|Avian|A/pintail/Aomori/422/2007|Japan|H1N1

2005|Swine|A/swine/Hong_Kong/729/2005|Hong_Kong|H1N2

1980|Human|A/Vermont/UR06-0485/2007|USA|H1N1*

1977|Avian|A/duck/Miyagi/66/1977|Japan|H1N1

2004|Swine|A/swine/Hong_Kong/NS30/2004|Hong_Kong|H1N2

1979|Swine|A/swine/Minnesota/5892-7/1979|USA|H1N1

1949|Human|A/Netherlands/002K1/1949|Netherlands|H1N1

1954|Human|A/Baylor/4052/1981|USA|H1N1*

1918|Human|A/New_York/4/1918|USA|H1N1

1970|Swine|A/swine/Wisconsin/2/1970|USA|H1N1

1979|Human|A/Illinois/01/2006|USA|H1N1*

2000|Swine|A/swine/Hong_Kong/6250/2000|Hong_Kong|H1N1

1951|Human|A/Lackland/7/1978|USA|H1N1*

1957|Human|A/Denver/1957|USA|H1N1

1976|Swine|A/swine/New_Jersey/11/1976|USA|H1N1

1967|Swine|A/swine/Wisconsin/1/1967|USA|H1N1

2007|Avian|A/rock_dove/Oregon/20547-003/2007|USA|H1N2

2011|Avian|A/duck/Zhejiang/0611-8/2011|China|H1N3

1979|Human|A/Guangzhou/506/2006|China|H1N1*

2004|Swine|A/swine/Hong_Kong/NS246/2004|Hong_Kong|H1N2

1990|Swine|A/swine/Iowa/3421/1990|USA|H1N1

1951|Human|A/Albany/20/1978|USA|H1N1*

2002|Avian|A/mallard/Sweden/3/2002|Sweden|H1N2

2003|Swine|A/swine/Hong_Kong/1578/2003|Hong_Kong|H1N2

2006|Avian|A/duck/Italy/281904/2006|Italy|H1N1

2008|Swine|A/swine/Missouri/02060/2008|USA|H1N1

1951|Human|A/Netherlands/002P1/1951|Netherlands|H1N1

1981|Human|A/Trujillo/WRAIR1701P/2008|Peru|H1N1*

2008|Avian|A/green-winged_teal/California/8326/2008|USA|H1N2

1985|Avian|A/mallard/Tennessee/11464/1985|USA|H1N1

1918|Human|A/AFIP/1/1918|USA|H1N1

1976|Human|A/New_York/225/2003|USA|H1N2*

2011|Swine|A/swine/Iowa/A01202800/2011|USA|H1N1

1980|Avian|A/duck/WI/259/80|USA|H1N1

1981|Human|A/Hong_Kong/1870/2008|Hong_Kong|H1N1*

1962|Human|A/Suita/1/1989|Japan|H1N1*

1954|Human|A/Malaysia/1954|Malaysia|H1N1

1977|Avian|A/duck/HK/196/1977|Hong_Kong|H1

1931|Swine|A/swine/USA/1976-MA/1931|USA|H1N1

1980|Human|A/Malaysia/1788397/2007|Malaysia|H1N1*

1948|Human|A/Albany/4835/1948|USA|H1N1

1980|Swine|A/swine/Wisconsin/11/1980|USA|H1N1

1965|Human|A/Wellington/47/1992|New_Zealand|H1N1*

1979|Swine|A/swine/Kyoto/3/1979|Japan|H1N1

1955|Human|A/Baylor/11515/1982|USA|H1N1*

1978|Human|A/Denmark/33/2005|Denmark|H1N1*

1980|Human|A/New_Jersey/09/2007|USA|H1N1*

1945|Human|A/AA/Huston/1945|USA|H1N1

2011|Swine|A/swine/Iowa/A01049949/2011|USA|H1N1

1918|Human|A/Virginia/1/1918|USA|H1N1

1953|Human|A/Memphis/7/1980|USA|H1N1*

2003|Swine|A/swine/Iowa/H03LS4/2003|USA|H1N1

1980|Human|A/Washington/40/2007|USA|H1N1*

1951|Human|A/Memphis/13/1978|USA|H1N1*
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1900.0 1925.0 1950.0 1975.0 2000.0 2025.0

1970|Human|A/Shanghai/2/1997|China|H1N1*

1954|Human|A/Baylor/4052/1981|USA|H1N1*

2003|Swine|A/swine/Iowa/H03LS4/2003|USA|H1N1

2012|Swine|A/swine/Illinois/A01203226/2012|USA|H1N1

2010|Swine|A/swine/Illinois/A01076766/2010|USA|H1N1

1974|Human|A/Waikato/51/2001|New_Zealand|H1N1*

1971|Human|A/Hong_Kong/1134/1998|Hong_Kong|H1N1*

1971|Swine|A/swine/Wisconsin/1/1971|USA|H1N1

1977|Swine|A/swine/Hong_Kong/51/1977|Hong_Kong|H1N1

1977|Human|A/Canada/591/2004|Canada|H1N1*

2009|Swine|A/swine/Iowa/A01076170/2009|USA|H1N1

2003|Swine|A/swine/Minnesota/5763/2003|USA|H1N2

1968|Human|A/New_York/656/1995|USA|H1N1*

1970|Human|A/Malaysia/14075/1997|Malaysia|H1N1*

1954|Human|A/Netherlands/001H1/1954|Netherlands|H1N1

1996|Avian|A/swan/Hokkaido/55/1996|Japan|H1N1

1947|Human|A/Fort_Monmouth/1/1947|USA|H1N1

2011|Swine|A/swine/Iowa/A01049949/2011|USA|H1N1

1977|Swine|A/swine/Tennessee/19/1977|USA|H1N1

2005|Avian|A/duck/Tsukuba/718/2005|Japan|H1N1

1959|Human|A/New_York/2924-1/1986|USA|H1N1*

1948|Human|A/Albany/4835/1948|USA|H1N1

2006|Avian|A/mallard/Netherlands/30/2006|Netherlands|H1N4

1970|Human|A/Malaysia/12530/1997|Malaysia|H1N1*

2009|Swine|A/swine/Minnesota/A01076180/2009|USA|H1N1

1977|Human|A/Malaysia/30025/2004|Malaysia|H1N1*

1997|Swine|A/Swine/Wisconsin/136/97|USA|H1N1

2009|Avian|A/American_green-winged_teal/Illinois/3054/2009|USA|H1N2

1981|Human|A/Trujillo/WRAIR1701P/2008|Peru|H1N1*

1947|Human|A/USA/L3/1947|USA|H1N1

2003|Swine|A/swine/Hong_Kong/1763/2003|Hong_Kong|H1N2

1957|Swine|A/swine/Wisconsin/1/1957|USA|H1N1

2010|Swine|A/swine/Minnesota/A01047613/2010|USA|H1N1

1982|Avian|A/mallard_duck/New_York/170/1982|USA|H1N2

1988|Avian|A/mallard/Alberta/322/1988|Canada|H1N1

1969|Human|A/Memphis/5/1996|USA|H1N1*

2002|Avian|A/mallard/Maryland/02-184/2002|USA|H1N1

1973|Human|A/Auckland/585/2000|New_Zealand|H1N1*

1986|Swine|A/swine/Iowa/1/1986|USA|H1N1

1967|Swine|A/swine/Wisconsin/1/1967|USA|H1N1

1954|Human|A/Leningrad/1954/1|Russia|H1N1

2003|Swine|A/swine/North_Carolina/29482/2003|USA|H1

1940|Human|A/Hickox/1940|USA|H1N1

1976|Swine|A/swine/Tennessee/23/1976|USA|H1N1

1988|Swine|A/swine/Iowa/31483/1988|USA|H1N1

1999|Swine|A/Swine/Indiana/9K035/99_|USA|H1N2

1980|Human|A/New_Jersey/09/2007|USA|H1N1*

1949|Human|A/Roma/1949|Italy|H1N1

1981|Avian|A/duck/Victoria/23/1981|Australia|H1N1

1945|Human|A/AA/Huston/1945|USA|H1N1

2010|Avian|A/duck/Nanjing/19/2010|China|H1N3

1960|Human|A/Memphis/1/1987|USA|H1N1*

1999|Swine|A/swine/Minnesota/37866/1999|USA|H1N1

1935|Human|A/Phila/1935|USA|H1N1

2007|Avian|A/pintail/Aomori/422/2007|Japan|H1N1

1950|Human|A/USSR/90/1977|Russia|H1N1*

1976|Swine|A/swine/Tennessee/15/1976|USA|H1N1

1985|Swine|A/swine/Iowa/3/1985|USA|H1N1

2005|Avian|A/mallard/Alberta/11393/2005|Canada|H1N1

2000|Swine|A/swine/Hong_Kong/7945/2000|Hong_Kong|H1N1

1973|Swine|A/swine/Iowa/1973|USA|H1N1

2012|Swine|A/swine/Minnesota/A01203313/2012|USA|H1N1

1976|Swine|A/swine/New_Jersey/11/1976|USA|H1N1

1974|Human|A/Denmark/3/2001|Denmark|H1N1*

1951|Human|A/Lackland/7/1978|USA|H1N1*

1983|Avian|A/mallard/Marquenterre/Z237/1983|France|H1N1

2002|Swine|A/swine/Hong_Kong/NS623/2002|Hong_Kong|H1N2

1976|Avian|A/duck/Alberta/35/1976|Canada|H1N1

1977|Swine|A/swine/Nebraska/123/1977|USA|H1N1

1952|Human|A/Memphis/1/1979|USA|H1N1*

2012|Swine|A/swine/Michigan/A01203374/2012|USA|H1N1

1972|Human|A/New_Caledonia/20/1999|New_Caledonia|H1N1*

1943|Human|A/Iowa/1943|USA|H1N1

2011|Swine|A/swine/Minnesota/A01202857/2011|USA|H1N1

2004|Swine|A/swine/Kansas/00246/2004|USA|H1N2

2002|Swine|A/swine/Hong_Kong/1733/2002|Hong_Kong|H1N1

1999|Avian|A/mallard/Ohio/56/1999|USA|H1N1

1955|Human|A/Christs_Hospital/157/1982|United_Kingdom|H1N1*

1986|Swine|strain_A/swine/England/117316/86|United_Kingdom|H1N1

2006|Avian|A/northern_pintail/California/44221-608/2006|USA|H1N2

1946|Human|A/Cameron/1946|Australia|H1N1

1977|Avian|A/duck/Bavaria/1/1977_|Germany|H1N1

1970|Swine|A/swine/Wisconsin/2/1970|USA|H1N1

1979|Human|A/Pennsylvania/08/2006|USA|H1N1*

2007|Avian|A/northern_pintail/Minnesota/Sg-00216/2007|USA|H1N1

2000|Swine|A/Swine/Indiana/P12439/00_|USA|H1N2

2003|Swine|A/swine/Hong_Kong/1578/2003|Hong_Kong|H1N2

1991|Swine|A/swine/Iowa/24297/1991|USA|H1N1

1918|Human|A/South_Carolina/1/1918|USA|H1N1

2004|Swine|A/swine/Hong_Kong/NS246/2004|Hong_Kong|H1N2

2000|Avian|A/common_teal/Netherlands/10/2000|Netherlands|H1N1

2006|Swine|A/swine/Minnesota/001200/2006|USA|H1N1

1977|Avian|A/duck/HK/196/1977|Hong_Kong|H1

1976|Avian|A/murre/Alaska/175/1976|USA|H1N2

1979|Swine|A/swine/Minnesota/5892-7/1979|USA|H1N1

2011|Swine|A/swine/Iowa/A01202800/2011|USA|H1N1

2002|Swine|A/swine/North_Carolina/36883/2002|USA|H1N1

2004|Swine|A/swine/Hong_Kong/NS30/2004|Hong_Kong|H1N2

1992|Avian|A/blue-winged_teal/Alberta/141/1992|Canada|H1N1

2009|Avian|A/duck/Hokkaido/327/2009|Japan|H1N3

1964|Human|A/Texas/36/1991|USA|H1N1*

1956|Human|A/CHR/157/83|New_Zealand|H1N1*

2007|Avian|A/northern_pintail/Interior_Alaska/1/2007|USA|H1N1

1979|Human|A/Illinois/01/2006|USA|H1N1*

2005|Avian|A/northern_shoveler/California/K168/2005|USA|H1N9

1994|Avian|A/ruddy_turnstone/Delaware_Bay/168/1994|USA|mixedH1

2001|Swine|A/swine/Hong_Kong/9177/2001|Hong_Kong|H1N1

2002|Swine|A/swine/Iowa/H02NJ56391/2002|USA|H1N1

1951|Human|A/Liverpool/1951|United_Kingdom|H1N1

2002|Swine|A/swine/Hong_Kong/NS13/2002|Hong_Kong|H1N2

1994|Swine|A/swine/Hong_Kong/1795/1994|Hong_Kong|H1N1

1950|Human|A/USSR/92/1977|Russia|H1N1*

1943|Human|A/Weiss/1943|USA|H1N1

1977|Avian|A/pintail_duck/ALB/219/1977|Canada|H1N1

2008|Swine|A/swine/Iowa/46519-3/2008|USA|H1N1

2007|Avian|A/duck/Italy/69238/2007|Italy|H1N1

1980|Human|A/Texas/78/2007|USA|H1N1*

1968|Human|A/New_York/621/1995|USA|H1N1*

2003|Avian|A/goose/Italy/296426/2003|Italy|H1N1

1980|Avian|A/duck/Victoria/2b/1980|Australia|H1N1

2001|Swine|A/Swine/North_Carolina/93523/01_|USA|H1N2

1971|Human|A/Ostrava/801/1998|Czech_Republic|H1N1*

1990|Swine|A/swine/Iowa/3421/1990|USA|H1N1

1980|Swine|A/swine/Ehime/1/1980|Japan|H1N2

1975|Swine|A/swine/Illinois/1/1975|USA|H1N1

1988|Swine|A/swine/Iowa/17672/1988|USA|H1N1

1966|Human|A/Florida/2/1993|USA|H1N1*

1987|Swine|A/swine/Iowa/2/1987|USA|H1N1

1995|Avian|A/duck/NJ/7717-70/1995|USA|H1N1

2003|Swine|A/swine/North_Carolina/12869/2003|USA|H1N1

1978|Human|A/Malaysia/32151/2005|Malaysia|H1N1*

1978|Human|A/Denmark/33/2005|Denmark|H1N1*

1962|Human|A/Siena/10/1989|Italy|H1N1*

1978|Swine|A/swine/Tennessee/4/1978|USA|H1N1

2009|Avian|A/mallard/Korea/KNU_YP09/2009|South_Korea|H1N1

2000|Swine|A/Swine/Minnesota/55551/2000|USA|H1N2

1949|Human|A/Netherlands/002K1/1949|Netherlands|H1N1

1976|Avian|A/murre/Alaska/305/1976|USA|H1N6

1956|Human|A/Memphis/6/1983|USA|H1N1*

1977|Avian|A/mallard/Alberta/46/1977|Canada|H1N1

2002|Avian|A/mallard/Sweden/3/2002|Sweden|H1N2

1951|Human|A/Albany/14/1951|USA|H1N1

1935|Human|A/Melbourne/1935|Australia|H1N1

1976|Human|A/New_York/497/2003|USA|H1N1*

1978|Swine|A/swine/Hong_Kong/80/1978|Hong_Kong|H1N1

1957|Human|A/Denver/1957|USA|H1N1

2007|Avian|A/Anas_crecca/Spain/1404/2007|Spain|H1N1

1979|Human|A/HaNoi/Q555/2006|Viet_Nam|H1N1*

1998|Avian|A/mallard/Alberta/211/1998|Canada|H1N1

1962|Human|A/Suita/1/1989|Japan|H1N1*

2006|Avian|A/mallard/Alberta/76/2006|Canada|H1N3

1987|Avian|A/turkey/MO/21939/1987|USA|H1N1

1981|Swine|A/swine/Hokkaido/2/1981|Japan|H1N1

1970|Human|A/Malaysia/11641/1997|Malaysia|H1N1*

2001|Swine|A/Swine/Ohio/891/01|USA|H1N2

2011|Swine|A/swine/Mississippi/A01202593/2011|USA|H1N1

2004|Swine|A/swine/Iowa/H04YS2/2004|USA|H1N1

1973|Human|A/New_York/233/2000|USA|H1N1*

1943|Human|A/AA/Marton/1943|USA|H1N1

1975|Human|A/Taiwan/141/2002|Taiwan|H1N1*

1966|Swine|A/swine/Wisconsin/2/1966|USA|H1N1

1954|Human|A/Malaysia/1954|Malaysia|H1N1

2008|Swine|A/swine/Missouri/02060/2008|USA|H1N1

1952|Human|A/USSR/46/1979|Russia|H1N1*

1968|Human|A/New_York/649/1995|USA|H1N1*

1996|Avian|A/mallard/Alberta/267/1996|Canada|H1N1

1982|Human|A/Illinois/05/2009|USA|H1N1

1981|Avian|A/pintail_duck/ALB/631/1981|Canada|H1N5

1981|Human|A/Denmark/01/2008|Denmark|H1N1*

1987|Avian|A/green-winged_teal/Ohio/430/1987|USA|H1N1

1979|Human|A/Hanoi/Q137/2006|Viet_Nam|H1N1*

2004|Swine|A/swine/North_Carolina/7386/2004|USA|H1N1

1942|Human|A/Bellamy/1942|USA|H1N1

1990|Avian|A/mallard/Ohio/171/1990|USA|H1N1

1950|Human|A/Fort_Warren/1/1950|USA|H1N1

1951|Human|A/Brazil/11/1978|Brazil|H1N1*

2002|Swine|A/swine/North_Carolina/18161/2002|USA|H1N1

1976|Avian|A/duck/NZL/160/1976|New_Zealand|H1N3

1976|Human|A/New_York/225/2003|USA|H1N2*

1959|Human|A/Singapore/6/1986|Singapore|H1N1*

2008|Avian|A/green-winged_teal/California/8326/2008|USA|H1N2

1994|Swine|A/swine/Hong_Kong/1937/1994|Hong_Kong|H1N1

1985|Avian|A/mallard/Tennessee/11464/1985|USA|H1N1

1979|Avian|A/pintail_duck/ALB/238/1979|Canada|H1N1

1980|Human|A/Ohio/UR06-0429/2007|USA|H1N1*

1953|Human|A/Netherlands/001R1/1953|Netherlands|H1N1

1976|Swine|A/swine/Iowa/4/1976|USA|H1N1

1979|Human|A/Malaysia/1686034/2006|Malaysia|H1N1*
1980|Human|A/Washington/40/2007|USA|H1N1*

1979|Human|A/Guangzhou/506/2006|China|H1N1*

1969|Human|A/Nanchang/8/1996|China|H1N1*

1965|Human|A/Wellington/47/1992|New_Zealand|H1N1*

2008|Avian|A/pintail/Aomori/1130/2008|Japan|H1N3

1980|Avian|A/duck/WI/259/80|USA|H1N1
1987|Avian|A/mallard/Ohio/265/1987|USA|H1N9

1951|Human|A/Albany/20/1978|USA|H1N1*

2008|Avian|A/mallard/California/10064/2008|USA|H1N6

2001|Swine|A/swine/Hong_Kong/NS885/2001|Hong_Kong|H1N1

1980|Human|A/Vermont/UR06-0485/2007|USA|H1N1*

1951|Human|A/California/10/1978|USA|H1N1*

1998|Avian|A/pintail/Shimane/324/98|Japan|H1N9

1980|Avian|A/duck/WI/1938/80_|USA|H1N1

1991|Swine|A/swine/California/T9001707/1991|USA|H1N1

1978|Avian|A/mallard_duck/New_York/6861/1978|USA|H1N5

1999|Swine|A/swine/Hong_Kong/5683/1999|Hong_Kong|H1N1

1951|Human|A/Netherlands/002P1/1951|Netherlands|H1N1

2008|Avian|A/mallard/Bavaria/185-8/2008|Germany|H1N1

1975|Swine|A/swine/Minnesota/24/1975|USA|H1N1

1976|Human|A/Michigan/6/2003|USA|H1N1*

1980|Human|A/Florida/12/2007|USA|H1N1*

2007|Swine|A/swine/Illinois/01918/2007|USA|H1N1

1977|Swine|A/swine/Tennessee/10/1977|USA|H1N1
1976|Swine|A/swine/Kentucky/1/1976|USA|H1N1

1982|Human|A/Wisconsin/02/2009|USA|H1N1

1999|Avian|A/mallard/Netherlands/10/1999|Netherlands|H1N8

2006|Swine|A/swine/Hong_Kong/823/2006|Hong_Kong|H1N2

1987|Swine|A/swine/Iowa/1/1987|USA|H1N1

1971|Human|A/Moscow/13/1998|Russia|H1N1*

1968|Swine|A/swine/Wisconsin/1/1968|USA|H1N1

1953|Human|A/Memphis/7/1980|USA|H1N1*

1974|Human|A/HaNoi/2476/2001|Viet_Nam|H1N1*

1953|Human|A/Maryland/2/1980|USA|H1N1*

1968|Human|A/Switzerland/5389/95_|Switzerland|H1N1*

2010|Swine|A/swine/Iowa/03031/2010|USA|H1N1

1978|Human|A/Malaysia/33132/2005|Malaysia|H1N1*
1980|Human|A/Malaysia/1788397/2007|Malaysia|H1N1*

1980|Avian|A/duck/Australia/749/1980|Australia|H1N1

1990|Swine|A/swine/Memphis/1/1990|USA|H1N1

2006|Avian|A/mallard/Alberta/128/2006|Canada|H1N1

1986|Avian|A/turkey/SD/7034/1986|USA|H1N1

1981|Swine|A/swine/Ontario/1/1981|Canada|H1N1

1973|Human|A/Memphis/15/2000|USA|H1N1*

1950|Human|A/Tientsin/78/1977|China|H1N1*

2002|Avian|A/mallard/Maryland/178/2002|USA|H1N1

1974|Human|A/Wellington/1/2001|New_Zealand|H1N1*

1977|Avian|A/duck/Miyagi/66/1977|Japan|H1N1

1974|Human|A/Hiroshima/37/2001|Japan|H1N1*

1957|Human|A/Memphis/1/1984|USA|H1N1*

1981|Avian|A/duck/Minnesota/1375/1981|USA|H1N1

2000|Swine|A/swine/Hong_Kong/6250/2000|Hong_Kong|H1N1

1977|Swine|A/swine/Hong_Kong/44/1977|Hong_Kong|H1N1

2009|Swine|A/swine/Missouri/46519-5/2009|USA|H1N1

2007|Avian|A/mallard/California/20385-004/2007|USA|H1N1

1960|Human|A/Siena/4/1987|Italy|H1N1*

1952|Human|A/Albany/8/1979|USA|H1N1*

1975|Human|A/New_York/417/2002|USA|H1N2*

1980|Swine|A/swine/Wisconsin/11/1980|USA|H1N1

1979|Swine|A/swine/Kyoto/3/1979|Japan|H1N1

1951|Human|A/Memphis/13/1978|USA|H1N1*

2007|Avian|A/rock_dove/Oregon/20547-003/2007|USA|H1N2

2002|Avian|A/blue_winged_teal/TX/75/2002|USA|H1N3

1993|Avian|A/mallard/Ohio/118/1993|USA|H1N1

1980|Human|A/Niigata/F95/2007|Japan|H1N1*

1999|Avian|A/duck/Shimane/188/1999|Japan|H1N1

2003|Avian|A/mallard/Sweden/57/2003|Sweden|H1N1

1975|Human|A/HaNoi/2704/2002|Viet_Nam|H1N1*

1976|Swine|A/swine/Tennessee/3/1976|USA|H1N1
1977|Swine|A/swine/Tennessee/85/1977|USA|H1N1

1981|Human|A/Malaysia/2104192/2008|Malaysia|H1N1*

1950|Human|A/Hong_Kong/117/1977|Hong_Kong|H1N1*

2003|Avian|A/mallard/Maryland/42/2003|USA|H1N1

2011|Avian|A/duck/Zhejiang/0611-8/2011|China|H1N3

1978|Human|A/South_Australia/56/2005|Australia|H1N1*

1936|Human|A/Henry/1936|USA|H1N1

1955|Human|A/Baylor/11515/1982|USA|H1N1*

1981|Human|A/Hong_Kong/1870/2008|Hong_Kong|H1N1*

2006|Avian|A/duck/Italy/281904/2006|Italy|H1N1

1993|Swine|strain_A/swine/England/283902/93|United_Kingdom|H1N1

2003|Swine|A/swine/North_Carolina/9647/2003|USA|H1N1

2005|Avian|A/duck/Hebei/843/2005|China|H1N2

2009|Avian|A/shorebird/Delaware_Bay/275/2009|USA|mixedH1

1961|Swine|A/swine/Wisconsin/1/1961|USA|H1N1

2005|Swine|A/swine/Hong_Kong/729/2005|Hong_Kong|H1N2

1978|Swine|A/swine/Tennessee/3/1978|USA|H1N1

1968|Human|A/Beijing/262/1995|China|H1N1*

1950|Human|A/Albany/4836/1950|USA|H1N1

1981|Avian|A/turkey/Minnesota/1661/1981|USA|H1N1

1977|Swine|A/swine/Niigata/1/1977|Japan|H1N1

1974|Human|A/New_York/310/2001|USA|H1N1*

1993|Swine|A/swine/Hong_Kong/1286/1993|Hong_Kong|H1N1

1979|Swine|A/swine/Hong_Kong/86/1979|Hong_Kong|H1N1
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Fig. S7. Uracil (U) content patterns. The 95% CI of avian U content is shown for each segment with a gray 
rectangle. U content versus year of sampling is shown by magenta diamonds for the 1918 human H1N1 sequences 
of (A) N1 NA, and (B) H1 HA. The P value in panel B reflects a test of whether the U content of the 1918 HA is 
significantly higher than the avian range based on the rate of change observed in the H3N2 lineage. 
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Fig. S8. N1 MCC tree. Branch lengths are in years. Posterior probabilities of each node and 95% CIs on node dates 
are shown. Human H1N1 sequences sampled after 1977 (tip-date corrected by -27 years) are marked with an 
asterisk. The 95% CI for the within-human H1 diversity is shown for comparison. 

1900.0 1925.0 1950.0 1975.0 2000.0 2025.0

1953|Human|A/Maryland/2/1980|USA|H1N1*

2002|Swine|A/swine/North_Carolina/36883/2002|USA|H1N1

2006|Avian|A/northern_shoveler/Washington/44249-700/2006|USA|H10N1

2008|Swine|A/swine/Missouri/02060/2008|USA|H1N1

1990|Avian|A/mallard/Ohio/171/1990|USA|H1N1

1983|Swine|A/swine/Skane/1321/1983|Sweden|H1N1

1977|Avian|A/pintail_duck/ALB/219/1977|Canada|H1N1

1999|Avian|A/greylag_goose/Netherlands/4/1999|Netherlands|H6N1

1973|Avian|A/parrot/Ulster/73|Ireland|H7N1

2001|Avian|A/chicken/Taiwan/1205/01|Taiwan|H6N1

1980|Avian|A/duck/Australia/749/1980|Australia|H1N1

2010|Avian|A/mallard/Mississippi/442/2010|USA|H1N1

1951|Human|A/Memphis/11/1978|USA|H1N1*

1979|Swine|A/swine/Hong_Kong/101/1979|Hong_Kong|H1N1

2011|Avian|A/peregrine_falcon/Aomori/7/2011|Japan|H5N1

1988|Avian|A/mallard/Alberta/322/1988|Canada|H1N1

1988|Avian|A/ruddy_turnstone/Delaware/519/1988|USA|H2N1

1943|Human|A/AA/Marton/1943|USA|H1N1

1970|Swine|A/swine/Wisconsin/2/1970|USA|H1N1

1978|Human|A/Waikato/14/2005|New_Zealand|H1N1*

1973|Human|A/Canterbury/76/2000|New_Zealand|H1N1*

1999|Avian|A/pheasant/Hong_Kong/SH39/99|Hong_Kong|H6N1

2003|Swine|A/swine/North_Carolina/901/2003|USA|H1N1

2002|Avian|A/duck/Mongolia/610/2002|Mongolia|H1N1

1975|Swine|A/swine/Illinois/1/1975|USA|H1N1

1998|Avian|A/shorebird/Delaware_Bay/24/1998|USA|H2N1

1979|Avian|A/mallard/Alberta/965/1979|Canada|H1N1

1991|Swine|A/swine/Quebec/5393/91|Canada|H1N1

1987|Swine|A/swine/Kansas/3228/1987|USA|H1N1

2006|Avian|A/wild_duck/Jiangxi/8462/2006|China|H6N1

1998|Avian|A/chicken/Taiwan/na3/98|Taiwan|H6N1

2007|Swine|A/swine/Iowa/46519-1/2007|USA|H1N1

2008|Swine|A/swine/Iowa/02096/2008|USA|H1N1

2003|Swine|A/swine/Ontario/57561/03|Canada|H1N1

1994|Avian|A/ruddy_turnstone/Delaware_Bay/123/1994|USA|H1N1

1979|Swine|A/swine/Kyoto/3/1979|Japan|H1N1

2005|Avian|A/mallard/Ontario/15741/2005|Canada|H5N1

1978|Human|A/Myanmar/M011/2005|Myanmar|H1N1*

2004|Avian|A/chicken/Jiangxi/25/2004|China|H5N1

2008|Avian|A/mallard/Korea/L08-8/2008|South_Korea|H6N1

1957|Human|A/Denver/1957|USA|H1N1

1973|Human|A/Canterbury/27/2000|New_Zealand|H1N1*

2012|Swine|A/swine/Iowa/A01243102/2012|USA|H1N1

1957|Human|A/Memphis/1/1984|USA|H1N1*
1955|Human|A/Christs_Hospital/157/1982|United_Kingdom|H1N1*

2001|Avian|A/quail/Shantou/1811/2001|China|H6N1

1968|Human|A/New_York/638/1995|USA|H1N1*

2003|Avian|A/mallard/Vietnam/21/2003|Viet_Nam|H5N1

1971|Human|A/Malaysia/15042/1998|Malaysia|H1N1*

2002|Avian|A/duck/Zhejiang/bj/2002|China|H5N1

1969|Avian|A/duck/PA/486/1969|USA|H6N1

2001|Swine|A/swine/Hong_Kong/8631/2001|Hong_Kong|H1N1

1981|Human|A/Myanmar/M438/2008|Myanmar|H1N1*

1977|Swine|A/swine/Tennessee/49/1977|USA|H1N1

2006|Avian|A/duck/Cambodia/D14AL/2006|Cambodia|H5N1

1949|Human|A/Roma/1949|Italy|H1N1

1975|Human|A/Ohio/1/2002|USA|N1*

2007|Avian|A/common_magpie/Hong_Kong/5052/2007|Hong_Kong|H5N1

1996|Avian|A/swan/Hokkaido/55/1996|Japan|H1N1

1979|Avian|A/African_starling/England/983/79|United_Kingdom|H7N1

1983|Avian|A/mallard/Potsdam/177-4/1983|Germany|H2N1

2004|Avian|A/chukkar/Shantou/2113/2004|China|H6N1

2002|Avian|A/quail/Shantou/3054/2002|China|H5N1

2000|Swine|A/swine/Hong_Kong/6301/2000|Hong_Kong|H1N1

1997|Avian|A/Chicken/Hong_Kong/220/97_|Hong_Kong|H5N1

2007|Avian|A/mallard/Washington/44338-034/2007|USA|H6N1

2006|Swine|A/swine/Minnesota/SG1144/2006|USA|H1N1

1967|Swine|A/swine/Wisconsin/1/1967|USA|H1N1

1980|Human|A/Florida/UR06-0209/2007|USA|H1N1*

1947|Human|A/Fort_Monmouth/1/1947|USA|H1N1

2010|Avian|A/great_crested_grebe/Tyva/22/2010|Russia|H5N1

1965|Human|A/Hokkaido/2/1992|Japan|H1N1*

2001|Avian|A/chicken/Hong_Kong/SF3/2001|Hong_Kong|H6N1

1986|Swine|A/swine/Iowa/1/1986|USA|H1N1

1990|Swine|A/swine/Iowa/3421/1990|USA|H1N1
1991|Swine|A/swine/California/T9001707/1991|USA|H1N1

1956|Human|A/Chile/1/1983|Chile|H1N1*

1981|Avian|A/mallard_duck/ALB/730/1981|Canada|H6N1

1969|Human|A/Memphis/15/1996|USA|H1N1*

1961|Human|A/Hokkaido/11/1988|Japan|H1N1*

1980|Avian|A/turkey/Minnesota/1265/80|USA|H6N1

1972|Human|A/Taiwan/4845/1999|Taiwan|H1N1*

2010|Swine|A/swine/Minnesota/A00970242/2010|USA|H1N1

2006|Avian|A/duck/Guangxi/1258/2006|China|H5N1

2002|Avian|A/duck/Eastern_China/304/2002|China|H5N1

2009|Swine|A/swine/MN/23506/2009|USA|H1N1

1983|Avian|A/mallard_duck/Alberta/743/1983|Canada|H9N1

1935|Human|A/Melbourne/1935|Australia|H1N1

1979|Avian|A/pintail_duck/ALB/238/1979|Canada|H1N1

1970|Human|A/Johannesburg/159/1997|South_Africa|H1N1*

1979|Swine|A/swine/Minnesota/5892-7/1979|USA|H1N1

1977|Swine|A/swine/Tennessee/37/1977|USA|H1N1

1959|Human|A/Yamagata/120/1986|Japan|H1N1*

2008|Avian|A/chicken/Uthaithani/NIAH115067/2008|Thailand|H5N1

1977|Avian|A/duck/Hong_Kong/202/77|Hong_Kong|H6N1

1951|Human|A/Liverpool/1951|United_Kingdom|H1N1

2006|Avian|A/chicken/Thailand/PC-170/2006|Thailand|H5N1

2009|Avian|A/blue-winged_teal/Wisconsin/2649/2009|USA|H6N1

2004|Avian|A/chicken/Laos/7191/2004|Laos|H5N1

2004|Avian|A/duck/Hunan/15/2004|China|H5N1

1976|Human|A/New_York/488/2003|USA|H1N1*

2005|Avian|A/duck/Yunnan/6332/2005|China|H5N1

1975|Swine|A/swine/Minnesota/24/1975|USA|H1N1

1979|Avian|A/duck/Hong_Kong/716/1979|Hong_Kong|H6N1

2007|Avian|A/chicken/Vietnam/NCVD-20/2007|Viet_Nam|H5N1

1982|Human|A/Boston/48/2009|USA|H1N1*

1978|Swine|A/swine/Tennessee/8/1978|USA|H1N1

2006|Avian|A/swan/Mellach/215/2006|Austria|H5N1

2009|Swine|A/swine/Illinois/02695/2009|USA|H1N1

1993|Avian|A/pintail/ALB/179/1993|Canada|H6N1

1999|Swine|A/swine/Hong_Kong/3954/1999|Hong_Kong|H1N1

1983|Avian|A/mallard/Marquenterre/Z237/1983|France|H1N1

1987|Swine|A/swine/Iowa/1/1987|USA|H1N1

1970|Human|A/Malaysia/12530/1997|Malaysia|H1N1*

2007|Avian|A/harlequin_duck/Alaska/44307-150/2007|USA|H10N1

1953|Human|A/India/6263/1980|India|H1N1*

2011|Avian|A/marabou_stork/Cambodia/TM068/2011|Cambodia|H5N1

1948|Human|A/Hemsbury/1948|USA|H1N1

1992|Avian|A/duck/Nanchang/1904/1992|China|H7N1

2004|Avian|A/grey_heron/Hong_Kong/728/2004|Hong_Kong|H5N1

1981|Avian|A/mallard/Stralsund/41-6/81|Germany|H2N1

2001|Avian|A/duck/Fujian/17/2001|China|H5N1

2005|Avian|A/chicken/Cambodia/047LC4/2005|Cambodia|H5N1

1950|Human|A/Hong_Kong/117/1977|Hong_Kong|H1N1*

1946|Human|A/Cameron/1946|Australia|H1N1

1993|Avian|A/ruddy_turnstone/Delaware/34/1993|USA|H2N1

1940|Human|A/Hickox/1940|USA|H1N1

1980|Human|A/California/27/2007|USA|H1N1*

2004|Swine|A/swine/IN/PU542/04_|USA|H3N1

1980|Human|A/Hawaii/38/2007|USA|H1N1*

2011|Swine|A/swine/Iowa/A01049775/2011|USA|H1N1

1954|Human|A/Baylor/4052/1981|USA|H1N1*

1945|Human|A/AA/Huston/1945|USA|H1N1

1991|Avian|A/turkey/England/50-92/1991|United_Kingdom|H5N1

2005|Avian|A/duck/Fujian/12032/2005|China|H5N1

2004|Avian|A/Ph/ST/44/2004|China|H5N1

2008|Avian|A/duck/Viet_Nam/TMU005/2008|Viet_Nam|H5N1

1993|Swine|A/swine/Hong_Kong/103/1993|Hong_Kong|H1N1

1999|Avian|A/turkey/Italy/4708/1999|Italy|H7N1

1971|Human|A/Oslo/734/98|Norway|H1N1*

2003|Avian|A/duck/Taiwan/A68/03|Taiwan|H6N1

2005|Avian|A/Chinese_pond_heron/Hong_Kong/18/2005|Hong_Kong|H5N1

1980|Human|A/New_York/UR06-0199/2007|USA|H1N1*

2008|Swine|A/swine/Illinois/02238/2008|USA|H1N1

2002|Swine|A/swine/North_Carolina/18161/2002|USA|H1N1

1977|Human|A/Malaysia/30025/2004|Malaysia|H1N1*

1977|Human|A/Denmark/17/2004|Denmark|H1N1*

1936|Human|A/Henry/1936|USA|H1N1

2008|Swine|A/swine/Kentucky/02086/2008|USA|H1N1

2006|Swine|A/swine/Ohio/C62006/2006|USA|H1N1

1993|Avian|A/rhea/North_Carolina/39482/1993|USA|H7N1

2004|Avian|A/duck/Chiba/884/2004|Japan|H3N1

2000|Avian|A/pheasant/Hong_Kong/FY294/00|Hong_Kong|H6N1

1950|Human|A/USSR/92/1977|Russia|H1N1*

1935|Swine|A/swine/Ohio/23/1935|USA|H1N1

1955|Human|A/Baylor/11515/1982|USA|H1N1*

1978|Swine|A/swine/Tennessee/7/1978|USA|H1N1

1981|Swine|A/swine/Hokkaido/2/1981|Japan|H1N1

1996|Avian|A/duck/NY/15024-21/1996|USA|H1N1

2010|Swine|A/swine/Minnesota/A01076208/2010|USA|H1N1

1962|Human|A/Siena/9/1989|Italy|H1N1*

1988|Avian|A/gull/Delaware/2952/88|USA|H11N1

1975|Human|A/New_York/220/2002|USA|H1N1*

1981|Human|A/Massachusetts/08/2008|USA|H1N1*

1977|Avian|A/chicken/Hong_Kong/17/1977|Hong_Kong|H6N1

2003|Avian|A/Ck/Indonesia/PA/2003|Indonesia|H5N1

1994|Avian|A/Pekin_robin/California/30412/1994|USA|H7N1

2012|Swine|A/swine/Minnesota/A01203313/2012|USA|H1N1

2003|Swine|A/swine/Minnesota/6998/2003|USA|H1N1

1988|Swine|A/swine/Wisconsin/1915/1988|USA|H1N1

1979|Human|A/Virginia/1e/2006|USA|N1*

2001|Swine|A/swine/Hong_Kong/9177/2001|Hong_Kong|H1N1

1959|Avian|A/chicken/Scotland/1959|United_Kingdom|H5N1

1988|Swine|A/swine/Iowa/31483/1988|USA|H1N1

2007|Swine|A/swine/Minnesota/001581/2007|USA|H1N1

1948|Human|A/Albany/4835/1948|USA|H1N1

1991|Avian|A/mallard/Alberta/99/91|Canada|H1N1
1995|Avian|A/mallard/ALB/5/1995|Canada|H10N1

2005|Avian|A/Bar-headed_Goose/Qinghai/12/05|China|H5N1

2005|Avian|A/duck/Tsukuba/718/2005|Japan|H1N1

1980|Human|A/Peru/WRAIR1299P/2007|Peru|H1N1*

2007|Avian|A/chicken/Thailand/ICRC-213/2007|Thailand|H5N1

1968|Human|A/Bayern/7/1995|Germany|H1N1*

2010|Swine|A/swine/Minnesota/A01134334/2010|USA|H1N1

1974|Human|A/New_York/343/2001|USA|H1N1*

2002|Avian|A/duck/Shanghai/xj/2002|China|H5N1

2003|Avian|A/quail/Shantou/2602/2003|China|H6N1

1960|Human|A/Memphis/1/1987|USA|H1N1*

2003|Avian|A/duck/Yokohama/aq10/2003|Japan|H5N1

1987|Avian|A/green-winged_teal/Ohio/430/1987|USA|H1N1

2002|Swine|A/swine/Hong_Kong/NS58/2002|Hong_Kong|H1N1

1982|Human|A/Novosibirsk/653/2009|Russia|H1N1*

2003|Avian|A/mallard/Ohio/362/2003|USA|H2N1

1979|Human|A/Berlin/13/2006|Germany|H1N1*

1997|Avian|A/shorebird/Delaware_Bay/111/1997|USA|H2N1

1951|Human|A/Albany/14/1951|USA|H1N1

2002|Avian|A/chukkar/Shantou/823/2002|China|H6N1

1981|Human|A/Japan/763/2008|Japan|H1N1*

1976|Avian|A/duck/Hong_Kong/73/76|Hong_Kong|H6N1

1976|Swine|A/swine/Tennessee/15/1976|USA|H1N1

2009|Avian|A/whooper_swan/Mongolia/2/2009|Mongolia|H5N1

2000|Avian|A/pekin_duck/Italy/1848/2000|Italy|H7N1

1979|Human|A/Thailand/76/2006|Thailand|H1N1*

2005|Avian|A/quail/Thailand/Nakhon_Pathom/QA-161/2005|Thailand|H5N1

2005|Avian|A/chicken/Magetan/BBVW/2005|Indonesia|H5N1

1999|Avian|A/chicken/Taiwan/7-5/99|Taiwan|H6N1

1977|Avian|A/mallard/Alberta/127/1977|Canada|H1N1

1964|Human|A/Texas/36/1991|USA|H1N1*

2007|Avian|A/Muscovy_duck/Vietnam/NCVD-11/2007|Viet_Nam|H5N1

1969|Human|A/Nanchang/8/1996|China|H1N1*

1986|Avian|A/Duck/Ohio/30/86_|USA|H1N1

1982|Human|A/Boston/88/2009|USA|H1N1*

2001|Avian|A/duck/Guangxi/50/2001|China|H5N1

2003|Swine|A/swine/North_Carolina/46203/2003|USA|H1N1

2003|Avian|A/duck/China/E319-2/03|China|H5N1

2003|Avian|A/mallard/Huadong/Y/2003|China|H5N1

1942|Human|A/Bellamy/1942|USA|H1N1

1993|Swine|A/swine/Hong_Kong/574/1993|Hong_Kong|H1N1

1974|Human|A/Hanoi/1863/2001|Viet_Nam|H1N1*

2004|Swine|A/swine/MI/PU243/04_|USA|H3N1

2006|Avian|A/goose/Guiyang/1461/2006|China|H5N1

1984|Avian|A/duck/NZL/76/1984|New_Zealand|H9N1

2008|Avian|A/mallard/Interior_Alaska/8BM2102/2008|USA|H1N1

2006|Avian|A/chicken/Banten/UT6025/2006|Indonesia|H5N1

2011|Swine|A/swine/Iowa/A01049762/2011|USA|H1N1

2000|Avian|A/chicken/Taiwan/2838N/00|Taiwan|H6N1

2000|Avian|A/quail/Hong_Kong/SF595/00|Hong_Kong|H6N1

1977|Swine|A/swine/Tennessee/82/1977|USA|H1N1

1956|Human|A/Memphis/6/1983|USA|H1N1*

2011|Avian|A/turkey/Jenin/341/2011|Israel|H5N1

2009|Swine|A/swine/Missouri/46519-5/2009|USA|H1N1

2006|Swine|A/swine/Minnesota/001200/2006|USA|H1N1

1977|Swine|A/swine/Tennessee/64/1977|USA|H1N1

2003|Avian|A/duck/Taiwan/WB239/03|Taiwan|H6N1

1974|Human|A/Singapore/14/2001|Singapore|H1N1*

1957|Swine|A/swine/Wisconsin/1/1957|USA|H1N1

1981|Human|A/Maryland/04/2008|USA|H1N1*

1987|Avian|A/ruddy_turnstone/DE/2731/1987|USA|H9N1

1972|Avian|A/duck/Taiwan/0526/72|Taiwan|H6N1

2003|Swine|A/swine/Illinois/SG1141/2003|USA|H1N1

1947|Human|A/Rhodes/47|USA|H1N1

1988|Swine|A/Swine/Indiana/1726/1988|USA|H1N1

1950|Human|A/Fort_Warren/1/1950|USA|H1N1

1982|Human|A/North_Carolina/02/2009|USA|H1N1*

1998|Avian|A/mallard/Alberta/47/98|Canada|H4N1

1987|Avian|A/green-winged_teal/Louisiana/213GW/1987|USA|H1N1

1989|Avian|A/ruddy_turnstone/NJ/842/1989|USA|H11N1

2004|Avian|A/turkey/Kedaton/BPPV3/2004|Indonesia|H5N1

1985|Swine|A/swine/Iowa/3/1985|USA|H1N1

1976|Swine|A/swine/Kentucky/1/1976|USA|H1N1

2004|Swine|A/swine/Iowa/H04YS2/2004|USA|H1N1

2008|Avian|A/mallard/California/8843/2008|USA|H1N1

1991|Swine|A/swine/Maryland/23239/1991|USA|H1N1

1935|Human|A/Phila/1935|USA|H1N1

2009|Avian|A/American_green-winged_teal/Wisconsin/2743/2009|USA|H1N1

2004|Avian|A/mallard/Alberta/192/2004|Canada|H3N1

1980|Avian|A/duck/Hong_Kong/836/1980|Hong_Kong|H3N1

1951|Human|A/California/10/1978|USA|H1N1*

2007|Avian|A/chicken/East_Java/UT6044/2007|Indonesia|H5N1

1990|Avian|A/laughing_gull/Delaware_Bay/10/1990|USA|H2N1

1988|Avian|A/mallard/Alberta/323/1988|Canada|H2N1
1985|Avian|A/mallard/Tennessee/11464/1985|USA|H1N1

1980|Human|A/Hawaii/19/2007|USA|H1N1*

1954|Human|A/Malaysia/1954|Malaysia|H1N1

1975|Human|A/Hanoi/1928/2002|Viet_Nam|H1N1*

1981|Swine|A/swine/Quebec/192/81|Canada|H1N1

2004|Avian|A/wood_duck/MD/04-623/2004|USA|H5N1

1976|Human|A/Hanoi/902b/2003|Viet_Nam|H1N1*

1979|Avian|A/gray_teal/Australia/1/1979|Australia|H6N1

1998|Swine|A/swine/Hong_Kong/2747/1998|Hong_Kong|H1N1

1952|Human|A/Memphis/1/1979|USA|H1N1*

2002|Swine|A/swine/Minnesota/SG1138/2002|USA|H1N1

1968|Swine|A/swine/Wisconsin/1/1968|USA|H1N1

2008|Avian|A/duck/Viet_Nam/36ST/2008|Viet_Nam|H5N1

1980|Avian|A/duck/Hong_Kong/938/80|Hong_Kong|H10N1

1994|Swine|A/swine/Hong_Kong/2422/1994|Hong_Kong|H1N1

2008|Avian|A/whooper_swan/Akita/1/2008|Japan|H5N1

1980|Swine|A/swine/Wisconsin/11/1980|USA|H1N1

2001|Avian|A/duck/Mongolia/47/2001|Mongolia|H7N1

2009|Avian|A/duck/Egypt/0990SM-NLQP/2009|Egypt|H5N1

1954|Human|A/Netherlands/001H1/1954|Netherlands|H1N1

1999|Swine|A/swine/Hong_Kong/5683/1999|Hong_Kong|H1N1

1979|Human|A/Georgia/08/2006|USA|H1N1*

1985|Avian|A/ruddy_turnstone/NJ/51/1985|USA|H11N1

1977|Human|A/Canada/591/2004|Canada|H1N1*

2007|Swine|A/swine/Illinois/01918/2007|USA|H1N1

2008|Avian|A/chicken/Egypt/08124S-NLQP/2008|Egypt|H5N1

1981|Avian|A/pigeon/MN/1407/1981|USA|H1N1

1961|Swine|A/swine/Wisconsin/1/1961|USA|H1N1

1978|Swine|A/swine/Tennessee/11/1978|USA|H1N1

1943|Human|A/Weiss/1943|USA|H1N1

1976|Avian|A/mallard/Alberta/65/1976|Canada|H1N1

1978|Human|A/Malaysia/33132/2005|Malaysia|H1N1*

2007|Avian|A/chicken/Egypt/1892N3-HK49/2007|Egypt|H5N1

2003|Avian|A/chicken/Vietnam/20/2003|Viet_Nam|H5N1

1918|Human|A/Brevig_Mission/1/1918|USA|H1N1

1992|Avian|A/blue-winged_teal/Alberta/141/1992|Canada|H1N1

2010|Avian|A/chicken/Cambodia/TKCMB5T/2010|Cambodia|H5N1

2002|Avian|A/quail/Hong_Kong/YU404/2002|Hong_Kong|H6N1

2004|Swine|A/swine/North_Carolina/7386/2004|USA|H1N1

1966|Swine|A/swine/Wisconsin/2/1966|USA|H1N1

2001|Avian|A/Duck/Anyang/AVL-1/2001|China|H5N1
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Fig. S9. PB1 MCC tree. Branch lengths are in years. Posterior probabilities of each node and 95% CIs on node 
dates are shown. Human H1N1 sequences sampled after 1977 (tip-date corrected by -27 years) are marked with an 
asterisk. The 95% CI for the within-human H1 diversity is shown for comparison. 
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Fig. S10. H1 in humans predates all other genes in the 1918 pandemic virus. The gray bar indicates the window of 
overlap among the 95% CIs of the TMRCA of human and swine H1N1 for the different segments. The TMRCA of 
human H1 significantly predates that of each of the other genes. The TMRCA of the human pandemic and season 
lineages also predates the TMRCA of the classical swine/pandemic human H1 node. 
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Fig. S11. Human and swine IAV MCC trees for all 8 segments. (A) through (H) respectively: PB2, PB1, PA, HA, 
NP, NA, M1/2, NS1/2. Branch lengths are in years. Posterior probabilities of each node and 95% CIs on node dates 
are shown. Human H1 sequences sampled after 1977 (tip-date corrected by -27 years) are marked with an asterisk. 
The 95% CI for the within-human H1 diversity is shown for comparison. 
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Fig. S12. Schematic diagrams of various host-jumping hypotheses leading to observed H1 HA variation. 
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Fig. S13. Maximum clade credibility (MCC) tree of the H1, H2, and H5 subtypes of HA. To the right of the MCC 
tree are the clade-specific rate distributions (in substitutions/site/year) inferred under the local clock model. The 
pandemics of 1830-33, 1847-51, and 1889-1893 are shown with gray bars. The posterior probability of each node 
and 95% CIs on node times are shown. The orange stars indicate points at which H1 or H1-like viruses are assumed 
to have emerged in humans (in 1830, ~1900, and 2009; the 1977 re-emergence is not marked). The cross represents 
the putative extinction of the 1830-1889 H1-like HA. That lineage, and the classical swine influenza lineage, 
represented by dashed branches, are superimposed on the tree for purposes of illustration and were not part of the 
phylogenetic analysis. 
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Fig. S14. H1, H2, H5 MCC tree. Branch lengths are in years. Posterior probabilities of each node and 95% CIs on 
node dates are shown. Human H1 sequences sampled after 1977 (tip-date corrected by -27 years) are marked with 
an asterisk. (A) shared rate for avian H1, H2, and H5. (B) independent rates for avian H1, H2, and H5. 
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Fig. S15. Fatalities by birth year for H5N1 and H7N9. (A) Percentage of fatalities accounted for by 10-year-wide 
birth year cohorts, for H5N1 and H7N9.  Birth year is plotted on the x-axis and the bins are centered on the 
midpoint of each cohort. Almost all patients with birth years prior to 1968 are expected to have been initially 
exposed, as children, to a group 1 HA (either H1N1 or H2N2) (blue shading). Most of those born in 1968 and later 
were exposed first to a group 2 HA (H3N2) (orange shading). (B) The same data, but corrected for the percentage 
of the total population contained in each 10-year birth year cohort in China in 2013 or Indonesia in 2006.  See 
Supplementary text for additional details. 

 

 


